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1NTHODUCT1 ON AND REV I iiW
|. MSIII li'MM'N I'll, n-IITMKH WOUK ON III! l -Vm-JMsI : .  "I " l " l  f
Recent years have witnessed great advances in  the diagnosis and 
therapy o f  patien ts  with amoebic d isease. For example, the recognition 
o f  invasive d isease, espec ia lly  l iv e r  abscess, is  g rea tly  helped by the 
use o f  s e ro lo g ic a l tests such as ge l d iffu s ion , la tex  agglutination, 
ind irect haemagglutinatlon and In d irec t immunofluorescence. S im ilarly , 
radio-isotope hopetoscans and ultrasound ass ist in  the loca lisa tion  o f 
hepatic les ion s. Therapy has become more rational and less dependent 
upon polypharmacy; the use o f  dehydro-ometine, metronidazole and other 
n itro-lm idazo le d eriva tives  means that most patien ts  can now be treated 
sa fe ly  and su ccess fu lly . So e f fe c t iv e  are these advances that i t  might 
be surmised that further work on puthogonesis is  unnucessary.
Such complacency would be premature. Amoebiasls is  predominantly 
an in fec tion  o f  developing countries where the aforementioned fa c i l i t ie s  
are rarely a v a ila b le , espec ia lly  in  rural areas where most o f the 
population l iv e .  The incidence o f  disease in many populations is  unknow 
and unstudied. Kqually disturbing are the well recognised high disease 
rates in the crowded and rapidly growing urban populations o f the trop ic 
Because o f  i t s  re lapsing nature and protean c l in ic a l  presentations, 
amoebic diseuse can lie notoriously d i f f i c u l t  to recognise; oven in 
developed countries known cases are o ften  centred about physicians with 
a specia l in te re s t - for example, Oxford, UK (W right, 1968) o r L it t le  
Rock, Arkansas, USA (.luniper, 1971).
There is  an urgent p r io r ity  to  recognise those populations where 
invasive d isease is  particu larly  Iroquent, so that appropriate diagnostl

2. NOME mPOBTAlfl DEFINITIONS. MVIOKIIIA=1 S \S \ HM>| (HiloM SYSTEM
Diseasus are dynamic processes whose causes and mechanisms are 
Included w ith in  the general term pathogenesis. In the case o f p a ra s it ic  
d isease I t  is  usefu l to  try  and separate parasite  and host factors by 
Introducing the terms virulence and rerls tan ce. Th is  Is  an a r t i f i c ia l  
d iv is io n  and the inverse re la tion  between the terms i s  an a p rio ri one, 
each being defin ab le  only *■ terms or the other. N e ith er can be 
measured on an absolute sca le, but both may be ranked on an ordinal 
sca le  and the U )^  values o f  two s tra in s  o r parasite  o r  host may be 
compared as a v iru lence ra tio  o r resis tan ce  ra tio  resp ective ly . The 
raw data Is  the observed outcome o f  the host parasite  in teraction .
I f  both hosts and parasites vary no deductions are poss ib le . Comparisons 
o f  v iru lence o r resistance can only be mado when e ith e r  the host or 
the parasite  population is  standardised. Wilson and M iles (1961) have 
discussed theso semantic problems In some d e ta il.
Dubos (194») has defined v iru lence as "The a b i l i t y  o f  a m icro-organiI 
to estab lish  a pathological s ta te  In  a given  host i s  the summation o f  a 
number o f  d i f fe r e n t  and independent a ttr ib u tes  such as communicability.
Invasiveness and to x lgen ic lty  .......... V iru lence is  not a permanent.
In tr in s ic  property o f  a given species. I t  expresses only the a b i l i t y  o f 
a given  s tra in  o f  the in fe c tiv e  agent, in  a certa in  growth phase, to 
produce a pathological state in a p a rticu la r host, when introduced in to  
that host under wo 11 defined con d ition s ."
Most authors, however, would separate communicability from 
v iru lence and d e fin e  ln fe c t iv ity  as the a b i l i t y  o f a microbe to estab lish  
a primary lodgement on a r r iva l at the body surface, o r  more simply as the 
capacity to  spread from one host to  another under s p ec if ied  conditions.
The tern pathogenic la  sometimes used as a synonym fo r  virulence 
but a usefu l d is t in c tio n  can txi made re la t in g  to the scope o f  the two 
terms. Pathogenicity is  best regarded as an attribu te  o f  a species, a 
genus or some other grouping o f  parasites. Virulence may then be used 
to  re fe r  to th - .I'Jthogenicl ty  o f  a stab le homogenous s tra in  o f  the 
Microbe (M iles , 1955).
A m icrobial s lr a ln may be defined as a continuously m ultiplying 
population maintained by in  v i t ro or in v ivo  passage, derived on a unique 
occasion from a w ild population (l.umsden, 1967).
In  order to  separate the components o f virulence and resistance as 
they re la te  to  amoubiasis i t  i s  usefu l to consider the dynamics o f  the 
in fe c t iv e  process d iagram stica lly :
luminali in fe c tio n  I in fection
R e s id u a lI  
morbidity |
Each o f  these dynamic processes nun be interpreted in  terms o f both 
paras ite  and host fa c to rs . In  th is thesis  gain and loss o f in fec tion  
(A and B) are discussed in  terms o f  a d eterm inistic  epidem iological model 
in  Part 20, with reference to  in  v ltro  studies in Part 8 that are relevant 
to  superin fection . The p a ra s ite  factors that determine the transition  to 
progress ive  d isease (0 ) are discussed in Part 10.1, and the host factors 
that re s is t th is  process u re discussed in  Part 11 (experimental animals) 
and Part 18 (man). The host factors that determine loss o f progressive 
d isease  (F ) and loss o f t issu e  invasion (G) are discussed in l>art 10.2.
The nature o f the transition fro «  luminal Infection to lo ca l tissue 
Invasion (C) Is  discussed In F**rt 10.4.
In each of these parts the discussion will refer to the relevant 
investigational work described in th is  thesis. The important role of 
epidomiologi c methods in studies o f pathogenesis is dlscussod in
Part 20.
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derably
1 strains
I t me E J jisto Ijrtlca  have not been found. 
E.h is to ly tic a  group appears to  bo one o f
d i f fo i

While the results obtained by B r it ish  workers have been r e la t iv e ly  
c lea r cut, the findings elsewhere have sometimes been at variance. Minor 
d ifferences  In methodology and real d iffe r e n c e s  In local s tra in  patterns 
may explain th is . M lzgireva (1966) studied 78 strains In Russia and 
showed that some ca rrie r s tra ins were d e f in i t e ly  v iru lent; howevor, 
there was u general downward trend in s tra in  viru lence in the follow ing 
sequence: stra ins from dysenteric patien ts , convalescent p a tien ts , 
contacts o f patients and ca rr ie rs  with no known patient contact. In 
India, copal Rao and Padma (1971) found s e v e ra l c a rrie r s tra in s  to be 
v iru lent and some patient stra ins to be r e la t iv e ly  non v iru len t; however, 
some o f the la t te r  were not recent is o la te s .  These authors commented upoi 
the mild but reproducible u lceration  produced by re la t ive ly  av iru len t 
stra ins. Both groups, unlike the B r it ish , found some stra ins  o f  
Intermediate virulence.
Although the rabbit has been l i t t l e  used, Hunninen and Boone (1957) 
showed a good correla tion  between caecal u lce ra t ion  and the source o f  the 
s tra in . Old World monkeys, such as Hacacus rhesus and M .sin lcus. are 
ea s ily  in fected  with cysts by mouth, but gut ulceration  is  exceptiona l 
even with dysentery stra ins (Dobell, 1931). The su scep t ib ility  o f  the 
guinea pig is  s im ilar to that o f  the ra t, except that v iru len t stra ins 
are o ften  le th a l.
The find ings In k ittens are very d i f f e r e n t .  Although va r ia b le  rosult 
may be obtained when cysts aro given by mouth, when trophozoites are 
in jected In to  the ileum a l l  stra ins o f  true  E. h is to ly tica  produce colonic 
ulceration  with only minor s tra in  d iffe r e n c e s  (Meleney and Frye, 1935). 
Two out o f  3 stra ins repeatedly tested fo r  5 years maintained th e ir  
virulence. The virulence o f  atyp ica l E .h is to ly t ic a  does not appear to
have been ited in the kitten; le eight expect theim to be non
virulent, as in the rat. It  would be of great interest to know the 
virulence in rats of ca rrie r strains passaged through kittens. The 
dog is  another susceptible host and may become naturally infected, many 
human strains of E■histolytica produce severe ulceration. Some 'small 
race' strains - possibly E.hartmannl -  are apparently virulent in dogs 
(Tobie. 1940).
To which animal model does the human host most closely correspond? 
Clearly man is  less susceptible than the kitten but more susceptible than 
the macaque. The strain differences noted in weanling rats must 
represent true biological differences but i t  is  not known how significant 
these are relative to host differences. It i s  quite possible that a l l  
strains can cause disease in man when the subject is susceptible enough. 
What is  not known, is the virulence potential o f strains in nun, before 
Invasion has occurred. To measure it a fter invasion purtly begs the 
question since some strains muy develop an enhanced virulence in vivo.
The stab ility  o f measurable virulence of stra in s persisting in a human
has be< l i t t le  studied.


5.2. Growth Curves In the D iffe ren t Culture Media
Method. To compare the rates o f  growth in the th ree media
(Robinson's, MS-F and TTY), 10,000 stra in  ZOCKLING amoebae were lnoculatod 
in to  now cultures, the lnocula coming from the corresponding medium. Two 
cultures o f  each medium were counted d u lly , fo r 6 days, and then discarded 
The to ta l count was calculated as the product o f the count per m il l i l i t r e  
and the volume.
Result . The growth curvos fo r each medium showed a s im ila r  sequence; 
a lag phase during the f i r s t  24 hours, followed by a period  o f  rapid 
growth u n t il a peak was reached at 48 hours (MS-F and TTY) o r 96 hours 
(Robinson's medium). The counts (F igure 1) then declined  qu ite  rapidly, 
without much evidence o f  a stationary phase to reach low le v e ls  a fte r 
5 or 6 days; the p reclp itu te f a l l  in  Robinson's medium a f t e r  day 5, shown 
here, d id not ulways occur. I t  is  l ik e ly  that the amoebae are b io lo g ica l! 
d iffe r en t at d iffe ren t phases o f  the culture cycle . The prec ise  duration 
o f each phase w ill  be determined by many factors such as inoculum size 
and the supply o f nutrients.
5.3. Inoculum Size
Method. Subcultures were set up using d iffe r en t inoculum counts 
Within the range 500 to 40,000 amoebae; two or three re p lic a te s  being 
made o f  each inoculum. A fte r  48 hours the to ta l count wus estimated 
for each inoculum.
Result ■ There was a d irec t lin ea r re lationsh ip  between the Inoculum 
s ize  and the 48 hour count, the regression lino passing through the 
o r ig in  o f  the graph. This re lationsh ip  was demonstrated in  Robinson's 
medium with strains EVANS and HUFF, and also with E. lnvadens; in TTY

medium with s tra in  DKB (see Figures 6 and 7 );  and a ls o  with E.invadens 
In  axenic cu ltu re . With bigger lnocula o r longer periods o f cu lture 
there was no lin ea r relationsh ip ; see, fo r  example, the experiments 
in  Part 8.2.
5.4. £11
Method. A series  o f  TTY media were made up with th e ir pi I adjusted 
to  values between 6 .0  and 7.2. These media were Inoculated with 10,000 
stra in  EVANS amoebae and counts made d a ily  fo r  4 days. Two separate 
cultures at each pH were counted each day and the pH measured; they were 
then discarded.
Result. At 24 hours the counts (F igure 2 ) were inversely  re lated  
to  pH, suggesting that pH 6.0 supported maximal in i t i a l  growth. At 48 
hours growth was maximal at pH 6.4 with s l ig h t ly  lower values fo r  6 .0  
and 6.8, and a considerably lower value at 7 .2 . Measurements o f  culture 
pH at tho time o f  counting showed constant le v e ls  except fo r  the pH 7.2 
cultures in  which i t  f e l l  to 6 .8 . When th is  experiment was repeated, 
s im ilar resu lts  were obtained.
5.5. Redox Potential
Method. The principal reducing substance in  TTY medium is  
L-cystelno hydrochloride; normally a concen tration  o f  0.8 g. l i t r e  i s  used. 
To study the e f fe c t  o f d iffe r en t redox p o ten t ia ls , separate lo ts  o f  media 
were mado up with concentrations o f  O, 0 .4 , 0 .8  and 1.6 g. l i t r e .  Eight 
thousand trophozoites (s tra in  EVANS) wore inocu lated  in to  tubes containing 
these media and d a ily  counts made fo r 5 days. Each day 2 cu ltu res were 
examined at each concentration and then discarded.
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Reau I t s . Growth was reasonably sa tis factory in  a l l  the modi a 
(Figure 3 ); however, the counts *1 tubes with no cyste in e  showed 
s ign ific a n tly  lower counts (p  < 0 .0 5 ), at 24 and 48 hours, compared 
with the other media. At 72 hours, the cultures with no cysteine showed 
a growth spurt; presumably at th is  stage c e ll metubolltos have reduced 
the redox poten tia l to more favourable values. Perhaps the high 
counts at days 3 and I in cu ltures with 0.4 g . l i t r e  cysteine can be 
explained in a s im ila r manner. The higher counts w ith 0 .8  and 1.8 g 
l i t r e  cysteine , at day 5, may indicate a medium more favourable to 
prolonged c r ith ld la l  v ia b i l i ty .
5.6. Age o f  Culture
Method. A series  o f cultures wore set up in  TTY medium using
10,000 stra in  EVANS amoebae. At d a ily  in terva ls  a cu ltu re was counted 
and 6 subcultures made with 10,000 amoebae. Two o f  these subcultures 
were counted oach day for 3 duys and then discarded.
24 hrs 9.7
48 hrs 18,8
72 hrs 23.7
96 hrs 17.5
120 hrs 5.5
(■(Mini oi  guboulture x IQ
24 hr 48 hr 72 hr
8.3 15.9 21.7
6.5 19.7 21.4
6.5 17.3 20.6
4.1 13.3 20.1
5.4 18.1 20.2
Table 1. E ffec t o f  uge o f  amoebic cu ltu re upon growth 
o f  subculture. Total da lly  counts, a l l  
In it ia ted  with 10,000 amoebae.
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Result. Vigorous growth occurred In a l l  the subcultures, so that 
very sim ilar counts wore obtained a fte r  72 hours (Table 1). At 24 hour 
however, subculture counts definitely tended to bo lower as the donor 
culture became older.
5.7. Discussion
The age of an amoebic culture Is  an Important determinant of saver» 
of it s  biological attributes. As shown h  experiment 5.6, subcultures 
grow more rapidly from young cultures. This effect was observod duri 
routine strain cu ltivation and i t  is  a lso  illustrated in Table 11. 
Subcultures to be used for experimental purposes should probably ulwuys 
bo takon from culturos that are themselves young and growing actively. 
The effect of culture age upon cytotoxicity to a ce ll monolayer w ill be 
studied fei Part 6 .3 .3 .U .
Satisfactory growth was observed at pli 6.8 In TTY medium and this 
value has been used in this work for routine cultures, rather than 
pH 7.2 as recommended by Diamond <1968u). Sim ilarly, multiplication 
occurred in the absence of a reducing agent. Those findings suggest 
that amoebae in TTY cultures, unlike those in polyxenlc bacterial cultu 
(llarinasuta and Harinasuta, 1955), can live under conditions sim ilar to 
those of mammalian tissues.
The linear relationship observed botweon Inoculum sizes below
40,000 and the to ta l count after 48 hours has boen used in the present 
work to enable estimates to be made o f the number o f viable umoobue 
in strain competition experiments (Part 8 ), or following the exposure 
of an amoebic population to an umoobioidal drug (Purt 7.4.2.A ).
6. THE CYTOPATH1C EFFECT OF E. HISTOl.YTICA UPON A TISSUE CELL Ml>NQ|AYER
6 .1 . In troduction  and Method
For those studios the rabbit kidnoy c e l l  lin o  (RK.13) was chosen 
as the c e llu la r  substrate, bocauso i t  forms an ovtn confluent monolayer 
that is  firm ly adherent to  tho glass surface o f  a i-ovors Up or Carrel 
f la s k  bottom. Furthermore, i t  can withstand fo r  several hours the 
p hys io lo g ica l cond itions  provided by the amoebic medium TTY when tho pll 
has boon adjusted to 6 .8  and the osm olarlty to 320 ml 1 llosm oles . The 
methods used fo r  maintenance and subculture o f  th is c e l l  lin e  are given 
in  Appendix 5.
C e lls  to be used fo r  l ig h t  and phase-contrast microscopic studies 
were grown upon round cove rs lip s  with a diameter o f  30 mm. Those were 
placed at the bottom o f  s t e r i l e  a ir t ig h t  flat-bottom ed p la s tic  containers 
o f  30 ml capacity (S te ra lin  L td . ),  to  which was added u suspension o f  
kidney c e l ls  *1 lO ml o f  medium 199. S u itab le monolayers were present 
a f t e r  4 to  6 days. The covers l ip  was then removed and the ou ter rim wl |>ed 
fr e e  o f  c e l ls ;  a f t e r  in vers ion  i t  was placed upon a tissue cu ltu re chamber 
(S te ra lin  L td .) and souled with s il ic o n e  groaso. Tho chambers wore 
f i l l e d  with TTY medium together with the amoebic suspension, normally
5,000 trophozoites.
For tho qu an tita t ive  work, kidney c e l ls  wore grown fo r  6 o r 7 days in 
5 ml Carrel flasks  using 1.5 ml o f  medium 199 and s ilico n e  rubber bungs 
(Esco Rubber L td . ).  Just before the experiment the 199 medium was 
removed and replaced by 4 ml o f TTY medium.
The amoebae and o th er protozoa usod in these experiments were grown 
in  b ac te ria -fro e  cu ltu res , usually TTY. Suspensions o f  amoebae fo r  
in ocu lation  were made by decanting tho medium und replacing with fresh
medium at 4 t .  A fte r  5 minutes, the tubes were In verted  a few times 
and centrifuged at 1,500 rpm for 3 minutes. Most o f  the supernatant 
was then removed and the amoebae counted In a huemocy tome te r . For the 
Carrel flasks the volume o f suspension was ad justed  so that the 
required number o f  amoebae were present in 0 .5  ml.
6 .2 . Phase-Cont rast Observations
Within u few minutes the amoebae became adherent to  the c e ll monolay 
V is ib le  lesions uppeured a fte r  20 to 30 minutos, as areas o f c e l l  
damage that soon enlarged Into d iscrete  pinchod out losions. Those 
Increased progressively in  s ize  until at 4 hours a considerable proportl 
o f  the monolayer had boon destroyed. Within the les ion s, the amoebao 
could bo seen c lose to, and in d irec t contact w ith  the kidney c e lls ;  
most appeared to be d ire c tly  adherent to the g la s s  and they were s itua te  
p r in c ip a lly  a t the periphery o f the defects (sue P la te  2 ). Kidney c e lls  
near to or in  contact with amoobuo were damaged ; the c e lls  appeared to 
rupture before losing contact with the g lass. A f t e r  several hours the 
supernatant became f in e ly  clouded; a fte r  c en tr ifu ga t ion  c e llu la r  debris 
and amorphous material could be seen but no in ta c t  c e l ls .  C e lls  between 
the losions appeared qu ite normal and could not bo dislodged oven by 
vigorous ag ita tion  o f the medium.
These findings suggested that c e l l  dumugo on ly  occurred at the s ite  
o f  contact with umoobao. Further ovidence fo r  th is  hypothesis is  
provided by the follow ing observations : -
(1 ) No v is ib le  damage to the monolayor occurred  when uny o f 
the follow ing wow added to  the monolayers;
(a ) the supernatant from 48 hour amoebic cultures (see P late 1
P lato  1. Normal kidney c e l l  monolayer. Phase contrast. 
Undamaged monolayer a f te r  2 hours exposure to  amoebic 
culture supernatant. (*  637)
P late 2. K .I.is to ly  tlca destroying kidney c e l l  monolayor. I’haoe 
contrast. Areas o f  c e l l  damage 2 hours a fte r  addition 
o f  amoebae ( / * ). <* ®',7>

normally a t 4 hours, the flasks  wore gently shaken and the supernatant 
poured in to  the f i r s t  ra d io a c tiv ity  counting tube (88 mm long and 20 mm 
in  diamotor with p las tic  s topper); th is  was followed by 2 washes with 
TTY to  make a fin a l volume fo r  counting o f  10 ml. The c e l l  monolayer 
was then examined m icroscopically (x 80) fo r  the presence o f  defects 
and the percentage loss estimated v lsu u lly . To removo the remaining 
monolayer, 3 ml o f d is t i l le d  wator was added to each f la s k ;  a f te r  12 
hours at ( t ,  a l l  c e l ls  could e a s ily  be shaken free  from the flask 
bottom and the contents poured in to  a second counting tube, followed 
by 2 washes with wuter to  make a to ta l o f  10 ml. The r a d io a c t iv ity  o f  
the 2 specimens, from each flask , was measured in a w e ll type gamma 
s c in t i l la t io n  counter. The counting time was 400 seconds, the voltage 
being 25 and the d iscrim ination  bias 5 v o lts . A 10 ml standard was a lso  
counted, th is  was made up from 0.1 ml o f the 0.2 ml Is o to p e  inoculum put 
in to  each flask  the day befo re. Tho resu lts  were ca lcu la ted  in the 
fo llow in g  manner:-
Let Cn -  tho isotope count o f the supernatant 
Cm ■ tho isotope count o f tho monolayer 
Cs ■ tho Isotope count o f the standard
Then tho to ta l percentage loss o f isotope from the monolayer (T ) 
is  g iven  by:
Cn x lOO 
Cm ♦ Cn
and tho percentage uptake o f  isotope by tho monolayer (U )  i s  given by:
As somo isotope  e lu tes  from the undamaged monolayer during the 
experiment, th is  must be accounted fo r .  I t  is  assumed that isotope 
e lu tes  from the undamaged monolayer a t the same rate as i t  does in the 
con tro l flask . At the end o f  any experiment le t L be the true percentage 
o f  the monolayer that is  destroyed and K lie the percentage Isotope loss in 
the contro l fla sk . Then the e lu tion  in  an experimental flask  
K (lOO - I.)
”  lOO
Now to ta l loss  (T ) ■ True loss (L )  + Elution loss
Therefore T
And I. lOO (T - K) lOO - K
6.3 .2 . liaslc features o f the system. The uptake o f 5*Chromium by 
the monolayer a f t e r  overnight la b e ll in g  varied between 12 and 25%; most 
o f  the uptake occurred within 2 hours, and by 4 hours u plateau was 
reached. Measurement o f  spontaneous lo ss  o f  isotope from the monolayer 
in to  TTY medium showed a linear loss with time reaching about 10% in 8 
hours. Control flusks always showed an in tact healthy-looking monolayer 
and a c lea r  supernatant which showed no c e l ls  or debris when centrifuged; 
ind icating that the loss o f Isotope in to  TTY medium was due to  elution  
and not c e l l  loss from the glass.
In the presence o f  amoebae there was good agreement between the 
percentage loss measured isoto p lcu lly  and that estimated by Inspection.
Even a fte r  complete destruction o f  the monolayer, the amoebae themselves 
contained less than 3% o f  the to ta l ra d io u c tiv lty . In  a l l  the experiments 
described ti l»art 6 .3 . between 2 and 4 rep lica tes  were nude o f  each inoculum.
Incubation t in e . in most experiments, inoculu o f  bo tween 
5,000—40,000 uaoebae worn used. PolluwiiiK an in i t ia l  delay o f 
15-20 minutes, there was a lin ea r increase in  percentage Isotope 
loss with tin»!. Figure 4 shows how the percentago loss (corrected 
fo r e lu tio n ) increased with time, using an Inoculum o f 20,000 stra in  
EVANS amoebae. With most inoculu o f  20,000 amoebae, the loss was 
between 30% and 60% a fte r  I hours; at H hours, the monolayer was o ften  
completely destroyed so that only amoebae remained attached to tho g la ss .
Inoculum s ia e . Using inocula containing d iffe r en t  numbers o f  
amoebae, the percentage loss was linourly re la ted  to  the number o f  amoebae 
added. Thus, for example, in  one exiierlment using d ifferen t Inoculu o f  
between 2400 and 61,000 EVANS amoebae, the percentage losses a fte r  4 hours 
were lin ear, 40,000 amoebae g iv in g  a 25% loss (F igu re 5).
Physical damage. To te s t  the sen s it iv ity  o f  the system to  minor 
changes in  |>hysical cond itions, several factors were considered. Normally, 
a volume o f 4.5 ml o f medium was usod; when the same number o f umoobae 
were added in  d iffe ren t volumes o f  medium the follow ing percentage losses 
were obtained: 72% with 4.5 ml, 72% with 3.5 ml, 62% with 2.5 ml und 
53% with 1.5 ml. When re p lic a te s  o f the sume 4.5 ml o f suspension were, 
before inocu lation, subjected to vortex s t ir r in g  fo r  2 seconds, the 
loss was 60% and a fte r  7 o r 17 seconds i t  was 55%. When further 
rep lica tes  o f  tho same susiwnsion were fo rc ib ly  syringed 2 and IO times 
through a gauge 23 needle to  produce frothing tho respective monolayer 
losses were 53% and 29%. Further studies showed that when
an nmoebic suspension was maintained at room teui|ieraturo for up to  1 hour, 
the cytopath lc a c tiv ity  was reduced by 10—15%.
|aotu|io loss from monolayers In presence and absence 
o f amoebae. E ffec t o f incubation time upon 5I-C'hromlum 
loss from labelled kidney c e l l  monolayers. The 
values with amoebae have boon corrected fo r  e lu tion .
loss from monoluyors. 51-Chromium lo ss , a t 4 hours, 
from labe lled  kidiK-y c e l l  monolayers. The values
Conclusion. These find ings suggested that a su itab le standard 
system  would be to  use 20,000 amoebae and 4 hours Incubation. This 
gave an adequate cytopath lc e ffe c t  over a time in te rva l short enough 
to  minimise amoebic m u ltip lica tion  und also  e lu tio n  o f isotope from 
h o a lth y  c e l ls .  The goneration time o f  E .h is to ly tic a  growing continuously 
on k idney c e l l  monolayers was 8-10 hours so that a 30% increase might 
bo expected  during 4 hours. Howevor, d irec t counting a fte r  4 hours 
gave  increments o f  only 10-18%; possibly handling o f  the amoebae 
b e fo re  inoculation temporarily inh ib ited  d iv is io n .
In  view o f  the s u s ce p t ib ility  o f  the amoebae to  physical damage 
i t  was important that exactly  the same experimental procedure was used 
f o r  each Inoculum being studied.
6 .3 .3 . Some app lications o f  the qu an tita tive  cytopathlc system 
(a )  Age o f the cu ltu re . A ser ie s  o f  s tra in  EVANS subcultures was 
s e t  up on d iffe r en t days. When the amoebae from these cultures wore 
te s te d  together tho respective  monolayer losses were: 20% from a 7-day 
c u ltu re ,  21% from a 5-duy culture, 19% from a 4-day culture, 45% from 
a 3-day culture and 56% from a 48-hour cu lture.
In  another experiment a number o f  s tra in  EVANS subcultures were set 
up to ge th e r  from a 48-hour old  cu ltu re. The amoebae were then tested 
f o r  th e ir  cytopathic e f f e c t  over tho next 48 hours. The percentage 
m onolayer lossos wore: 86% from tho in it ia t in g  cu ltu re, 53% a f t e r  4 hours 
subcu ltu re, 50% a f to r  8 hours, 41% a fte r  24 hours, 71% a fte r  32 hours 
and 57% a fte r  48 hours.
These findings suggest that the ago o f a cu ltu re  is  a very important 
v a r ia b le  a ffec tin g  the cytopathlc e f f e c t .  The f a l l  in a c t iv ity  between



and the even lower a c t iv i t y  at 3 and 4 honra. may 1» due to  disturbance 
or the amoebae en ter ing  a lag growth phase. In a s im ilar experiment 
amoebae associated w ith  kidney c e l ls  fo r  4 and 24 hours produced 
cytopath ic  e ffe c ts  o f  31* and 14% resp ective ly , compared with 24 and 
48-hour c r l  th ld i a-as s o d a  ted rep lic a te  cultures which gave losses o f  
43* and 20*.
(3 ) A suspension o f  normal mouse spleen c o lls  (prepared by the 
method given In Part 9 .1 ) gave very good growth, with amoeba counts at 
le a s t as good as crith id la -assoc ia tod  cu ltures, for up to 8 days.
The growth and cytopathic e f fe c t  o f  amoebae grown with spleen 
c e l l s  was studied by cu lturing 20,000 amoebae (s tra in  EVANS) with spleen 
c e l l s  in  the proportion 100 or 25 per umoebu and comparing the resu lts  
w ith the same inoculum growing with C r lth ld ia . In th is  experiment, 
spleen  c e l ls  enhanced the cytopathic e f fe c t  but did not a f fe c t  growth 
ra te  (Table 4 ). A s im ila r  enhancement was obtained when stra in  DKB was 
grown with spleen c e l ls .
Spleen c e l ls  lOO: 1 
Spleen c e l ls  25: 1
C r lth ld ia  alone
C r ith ld ia  ♦ 0.5 mg cho lesterol 
C r lth ld ia  + 0 .1  mg cholostoro l
48 hours
Count x IQ4 *  less
11.0 83
11.2 85
11.4 71
7.0 50
6.9
21.5 77
13.6 77
19.2 37
3.2 «3
9.6
Table 4. Growth and cytopathic e f fe c t  o f  amoebae cultured 
w ith spleen c o lls ,  C rlth ld la  or C rlth ld ia  plus 
ch o le s te ro l. A ll cultures set up with 20,000 
s tra in  EVANS amoebae.
(4 ) The e f fe c t  o f  ch o le s te ro l upon cultu res was studied in 
several experiments by making up a 1% suspension in  water, a 1% emulsion 
In  peanut o i l  (ch o le stero l d isso lved  in o i l  and em ulsified  with s a lin e ) 
and a 1% solu tion  in  ethanol. In  oach case whon 1.0 or 2.0 mg o f  
cho lestero l wus added to a TTY cu ltu re amoebic growth was almost com pletely 
suppressed, w h ile  0 .5  mg and 0.1 mg nearly always produced some in h ib it ion  
(see , fo r  example, Table 4 ).  Cytopathic e f fe c t s  were s im ilar to  con tro ls  
using 0.1 mg but at 0 .5  mg per tube the e f fe c t  was o ften  diminished 
(Table 4 ).
6 .3 .4 . Discussion
The experiments described here demonstrate the usefulness and wide 
app lica tion  o f  th is  new in  v itr o  system. Muny factors  relevant to 
pathogenic mechanisms can be studied in d e ta il under controlled  
condi t i ons.
The phase contrast observations make i t  c le a r  that contact between 
umoeliu and c e l l  is  necessary fo r  c e l l  damage to  occur; furthermore, 
disrupted trophozoitos and cu ltu re  supernatants cause no isotope loss from 
lab e lled  c e l ls .  The lin ear incroaso in cytoputhic loss with time suggests 
that progressive and sequential amoobu c e l l  contacts occur with no tox ic  
accumulation o f  c e l l  m etabolites; a conclusion consistent with the 
observed lin ea r re la t ion  betweon inoculum s ize  and cytopathic loss , and 
also  with the phase contrast appearances.
Since Isotope loss is  p roportiona l to  inoculum s ize , th is system can 
l>o applied  to the measurement o f  amoebic v ia b i l i t y  a fte r  damage. This 
concept w i l l  bo used in  Part it .2 to  study the e f f e c t  o f  immune sorum 
upon amoolwie, and in Part 7.4.211 to  develop an assay method fo r  measuring 
erne lin o  s e n s it iv ity .
The e ffe c t  o f  d iffe r en t  cu ltu ra l conditions upon cytopathic loss 
was studied in severa l experiments. The observation that the maximal 
cy topath ic  loss was produced by amoebae from cultures 32 to  48 hours 
o ld , suggests that blatogical vigour is  g reatest during the logarithmic 
growth phase; a conclusion consistent with the rindlngs in experimental 
in fe c tio n s  in animals. The shape o f  the growth curve for a particu lar 
cu ltu re  may be o f  great importance. The s itua tion  is  c lea r ly  complex 
s ince  the growth curve is  a ffec ted  by the age o f  the In it ia t in g  culture, 
the inoculum s ize , the medium cha rac te r is tic s  and possibly the amoebic 
s tra in .  These considerations are very important when d iffe r e n t  strains 
are being compared. Amoebae growing poorly with a small c r l th id ia l  
Inoculum or human red blood c e l ls  had a reduced cytopathic e ffe c t  compared 
w ith  those growing w e ll on a kidney c e l l  monolayer. S im ila r ly , amoebae 
grew w e ll with mouse spleen c e l ls  and showed a greater cytopathic 
e f f e c t  than those growing with c r ith id ia .  The finding that amoebae 
taken from a kidney c e l l  monolayer wh ile ac tive ly  destroying i t ,  had no 
enhanced cytopathic e f fe c t ,  suggests that the amoebue wore already 
e x e r t in g  their maximum e f fo r t .
For sa tis factory growth in v i t r o . E ,h is to ly tic a  has a lip id  
requirement that is  normally provided by the cholesterol contained in 
horse serum (batour and Iteeves, 1965). An enhancement o f  v iru lence in 
animals has been re|>ortod by Sharma (1959), using culture media 
supplemented with ch o lestero l; however, the re la tion  between virulence 
and cho lestero l remains con trovers ia l. In the present work i t  has been 
demons Iratod that supplementary cho lestero l produces a dose related 
depression o f  both amoebic growth and cvtopathic e ffe c t .
I t  wus further shown thut the pil and redox requirements o f  
bac t e r i  a- free amoel>uo wore not c r i t i c a l ,  fo r  cytopathic e ffe c ts  wore 
observed at values not very d iffe r e n t  from these o f mummalian tissues.

6.4 .2 . E lectron microscope find in gs . Tl.cs« demonstrated the 
f in e  structural changes In the kidney c e l ls  and amoebae that occurred 
a f t e r  or during contact. Although the find ings reported here re fe r  
p art icu la r ly  to  s tra in  EVANS, there was no evidence to suggest that 
th is  s tra in  d iffe r e d  in any way from the other 15 cytopathic s tra in s .
The structure o f  the normal undamaged kidney c e l ls  is  il lu s tr a te d  
in  P lates 3 and 4; the la t te r  showing in  d e ta il the contact zone between 
adjacent c e lls .  On in i t ia l  contact with an amoebae these c e l ls  
appeared to be s t i l l  undamaged. However, when contact was more prolonged, 
as seen in P la to  5, where an amoeba has burrowed between kidney c e l ls  
and the M illlp o re  f i l t e r  substrate, the c e l l  membrane remains in ta ct 
and unaltered, but gross and rapid degeneration takes place in the 
mitochondria, with obvious vacuolation and loss o f  c r is ta e . A general 
view o f  th is  ea r ly  change is  soon in a group o f  kidne c e l ls  at the 
periphery o f a d e fec t in the monolayer (P la te  6) .  At th is  stage other 
cytoplasmic organe lles  appear to be unaltered. But a care fu l study o f 
o th er amoeba-cell In terfaces  revealed that other changes were taking 
p lace, although the order In which they are presented here does not 
necessarily  in d icate  the true sequence o f  events.
(a ) Changes in  the kidney c e l l s . P latos 7 and 8 show that in 
add ition  to the mitochondrial degeneration there is  a concentration o f 
peripheral c e l l  lysosomes and mlcrobodles, while In P la te  9, the rough 
endoplasmic reticulum Is  seen to  be fragmented, with a tendency to 
vacuolation; and the cytoplasmic ribosomes and polyri latsomes are less 
numerous than in  con tro l c e l ls .  In add ition , the n o lg i membranes appear 
a c t iv e  and there Is  an Increase in prominence o f  the peripheral
P lato  3.
Plato Normal kidney c e l l  monolayer. KM 2.
D e ta il o f  c o l l  contact zone. Cytoplasmic o rgane lles  
appear normal. (x  10,710)
9 M F 5 pm
Plate  5. \moabu burrowing between kldnoy c e l l  monolayer and 
supporting m llllp ore  f i l t e r .  KM.
Note mitochondrial ballooning In contacted kldnoy 
c e l ls .  (x  1,420).
Abbreviations: E.h. - E .h ls to ly t ica ; M - mltochondrlum;
MF -  m llllp o re  f i l t e r ;  N - nucleus

Whore attachment has been more prolonged, as Illu stra ted  in 
P late lO, th ere  is  patchy lo ca lized  c e ll «embrun« degeneration. The 
membrane extending beyond the patch appearing normal in both triluminar 
structure and osmlophilic p roperties. Internal to  loca lized  patches 
o f  membrane destruction, d iscontinu ity o f to n o fib r ils  was noted 
(P la te  11); together with very evident disruption o f  normal endoplasmic 
re ticu la r pattern, mitochondrial swelling and vacuolailon (see a lso P la te  M ).
As the process o f c e ll  destruction progresses (P la te  12), the 
cytoplasm appoars ra r ilied , m etabolically In active  and in a state o f  
d is in teg ra tion . Although the inner mombrane o f  the nuclear envelope 
is  s t i l l  In ta c t in this Piute, the outer membrane is  absent and 
connections w ith  the endoplasmic reticulum are absent. The nucleoplasm 
is  ra r ifie d  w ith  Islands o f  chromatin more granular and loss compact 
than in normal c e lls .  The fin a l stage is  illu s tra te d  in  Plate 13 where 
there is  complete d isin tegration  o f  c e ll  cytoplasm, escape o f c e ll  
debris in to  the surrounding medium, and psoudopodial a c tiv ity  by the 
amoeba p r io r  t o  thu ingestion o f some o f this debris.
(b ) Relevant findings within the parasite . Whore patchy 
degeneration o f  the kidney c e l l  mombrunu has occurred there is  frequentIv 
a d iscontin u ity  o f  the amoebic surface membrane with no harrier l>etween 
the cytoplasim o f  the c e ll and the parasite (P la tes  8, » ,  1C) and 11). The 
small mombrane-bound vesicles seen in  Plates »  and 15 may indicate 
transference o f  cytoplasmic content from ce ll to amoeba. The d iges tive  
food vacuoles w ilh in  the amoehau sometimes contained intact segments o f 
trilam inar membrane, derived presumably from the mitochondria or surface 
momhrunos o f  the kidney c e lls .




P late  13. E .h is to ly tica  d es troy in g  kidnoy c o l l .  EM 2.
Advanced stage. Amoebic pseudo podium engulfing c e ll 
debris p rior to  in g e s t ion . ( *  8,820)
P la te  14. E ■ lilatQ lytl <:a engu lfing  kidney c e l l .  KM.
Amoebic pseudO|>odiuro w ith  patchy membrane fusion and 
d is in tegra tion  o f  kidnoy c e ll cytoplasm.
(x  35,000)
Ahbrevlat. uns : E.h. - E ■ hi a to I y 11 ca ; ER - endoplasmic reticulum;
l.y - lyaosome; M -  ml tochondrlum; N - nucleus; RK - kidney c e ll.

These find ings o f  a con tac t-re la ted  e f fe c t  Is  In  agreement w ith 
Eaton et a l . (1970) who used various c e l l  monolayers, Including RK.13; 
however, the fin e  structura l changes which they describe d i f f e r  
considerably. They reported that 'th e  e a r lie s t  e f fe c t  on the c e l l  was 
a loss o f  s ta ln a b llity  o f  the plasmalemmu a ffe c tin g  the en t ire  periphery 
o f  the c e l l* .  P la te  6 shows c le a r ly  that qu ite  exten s ive ly  damugod 
c e l ls  s t i l l  have an apparently in ta c t c e l l  membrane, a normal shape 
and a firm attachment to  the supporting surface. The ir o r ig in a l 
suggestion (Eaton e t a l . , 1969) that damaged c e l ls  are completely 
depolarized appears untenable. In the preparations described here 
there was no evidence o f  the su rface  lysosomes that they describe and 
i t  is  l ik e ly  that such structures are  d iges tiv e  vacuoles or other 
vacuolar structures sectioned near the amoeba 1 surface. Another source 
o f  confusion may 1» partly d igested  C r lth ld la . ingested before the 
amoebae were added to  the monolayer. The stacked membruries seen In 
Figure 8 o f  th e ir  paper (Eaton e t a I . , 1970) and in terp reted  as possible  
G o lg i- lik e  bodies, may be so dor ived . The ir »canning micrographs 
Illu s t ra t in g  1 sososss with a vermiform tr ig g e r  on the surface o f  bacteria- 
associated trophozo ites could represent f ixa tio n  u r te fa c ts . Proctor 
and Gregory (1972) have also  described those structures from co lon ic  
biopsy specimens, but th e ir 11lustradons are not convincing; they were 
not found by El-Hushiml and Pittman (1970) or by G r i f f in  und Juniper 
(1971), who also  used colon ic m atoriu l.
The methodology described here Is  a considerable improvement upon 
that used bv Eaton e t  a l . (1970). They used Rose chambers throughout 
and to overcome loss o f  CO  ^ from the rubber gaskets o f  the chamber and 
anaerobiosls In the cen tral part o f  the monolayer, i t  wus necessary to
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7.3. C yto tox ic ity
Foilowing th e ir ostabllshnant in TTY cu ltu re, stru ins
20,
Dotal Is o f
are given in Part 6 .3 .1 . Three to 5 rep lic a te  flasks  were
stra in . The resu lts  o f
F ir s t ly ,  a l l  the 
MOGRELlA, SCOOTK
stra ins  were cy to tox ic ; th is  app lies  also
a l l  the

1. The qu ality  o f the kidney c e l l  monolayer. Although the 
monolayers used were always con fluent and 6 or 7 days old i t  
is  lik e ly  that there wero minor physiological d ifferences  
between batches. Thus, the ‘'^Chromium uptake and elution  loss 
in  control flasks varied  somewhut between experiments. I t  is 
l ik e ly  that the s ize  and q u a lity  o f  inoculum used to set up the 
c e l l  culture partly determines the subsequent growth and 
'm aturity' o f  the monolayer.
2. The amoebic cu lture I t s e l f  w i l l  be a ffected  by;
(a ) the age o f  the medium;
(b ) the number, age and 'q u a l ity ' o f the C rith ld ia 
used to sot up the TTY culture; and
(c l the number o f amoebae used to sot up the culture, 
and th e ir b io lo g ic a l condition  at that time.
A ll these factors may a lt e r  the amoebic growth curve and a ffec t the 
physio log ical status o f the amoebae when they are harvested at 48 hours.
Because i t  is  d i f f i c u l t  to standardize a l l  these variables completely, 
the re la t ive  a c t iv ity  o f  the d i f fe r e n t  strains is  le s t studied by ranking 
methods. In Table 7, the ranks have been given for each experiment 
(rank as numerator and number o f  ranks as denominator).
I nspeclion does suggest some rea l d ifference  in s tra in  ranking.
Thus, although these are exceptions, EVANS usually ranks high as does 
ZOCKI.ING. Strains SCOTT and ARNKI.I. g iv e  high or moderate values. SWANWICK 
and 1,1.77 give  modurato values, w h ile  strains RUSSKt.l., DKB and BRUNT 
genera lly rank low. Thu rankings o f  ASANTH, LIGGINS and DAWSON are vers
variab le . To examine th is ranking more d e ta il the 4 s tra ins that
have each boon examined together on 7 occasions may be further 
analysod;-
BVANS SCOTT
1 2
1 2
1 2
1 2
1 4
1 2
I 2
Table 8. Ranking s ta b il ity  o f  cytopathlc e f fe c t  
fo r  four strains
Calculation o f  the c o e ffic ien t o f  concordance from the data in 
Table 8 gives a value o f  0.75, Snodooor's F «  17.9, OF greater 2.7 and 
lessor 16.1. The 1% le v e l o f  F is  3.6, lienee the R value is  h ighly 
s ign ific an t (p < <  0 .01).
The re la tionsh ip  between umoebic growth ra te  and cytopathic 
e f fe c t  wns studied ti four o f  tlie experiments. On these occasions 
the same inoculum s ize , 20,000 nmoobae, was used to  in it ia te  a l l  the 
s tra in  cultures that wore to be assayed for c y to to x ic ity  48 hours la to r.
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otlno In tercept front 20,000 untroat*
40,000 stra in  DKB amoebae that had bean growing for 4 days upon rabbit 
kidney c e l l  monolayers. In th is instance (Figure 7) the dose response 
lin e  was again lin ea r, but the non-exposed amoebae grew more rapidly 
so that 20,000 produced 10 x 10  ^ amoebae in 48 hours; th is  value 
in tercep ts the dose response lin e  to  g iv e  a log LDP() o f  1.78. The 
higher v»luo obtained with amoebae grow ing on kidney c e l ls  may be 
due to a change in physio log ica l s ta tu s ; for when stra in  EVANS, from 
crith id ia -assoc la ted  cu ltures, was tes ted  on two occasions, the values 
fo r  log were 1.8 and 2.2. The th eo re t ica l im plications o f a
lin ea r log dose response lino  and the meaning o f  i t s  slope w il l  be 
discussed in  Part 10.3.
Since both log emetine concentration  and non-exposed inoculum s ice  
were lin ea rly  re la ted  to subsequent growth, i t  was decided that the 
system could be s im p lified  to  a two poin t assay. Thus, 20,000 amoebae 
were exposed to emetine at 25 and 5 meg.ml and the non-exposed inocula 
were 20,000 and 6,000. The log 11)^ value was estimated from the 
in tercept o f the In terpo lated  48-hour count from 10,000 non-oxposed 
ameoIxio, upon the dose response l in e .  When 4 stra ins wore tested in 
th is  wav, the estimated log ID ^  values were; SWANWICK 1.06;
DAWSON 0.9; DKB 0.22 and ARNEI.I. 0.08 (s ee  Figure 8 ). The last two 
values urn probably spuriously low s in ce  the intercept does not fa l l  
near the chosen assay concentrations. Another four s tra ins  wore then 
testod using 20 meg.ml and 3 meg.ml as the two emetine concentrations.
In th is  Instance the in tercepts in d ica ted  log 11)^ values as follows:
RUSSELL 0.93, EVANS 0 .8  and ASANTE 1. H7 (soo Figure !i) . The fourth 
s tra in  I.IGGINS gave a very steep dosu response line so that no meaningful
in tercept could
2
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B. Cytopathic e f fe c t  in  the presence o f  drug
Method. Amoohi c inocula were added to  51Chromium labelled  kidney 
c e l l  monolayers in Carrel flasks in the presence o f  various concentrati
o f  emetine and the cytopathic e ffe c t measured by isotope loss from the
monolayer. D etails  o f th is  labelled tissue c e l l  mothodology have alroa
been described in Part 6 .3 .1 . Emetlr10 alone did not cause isotope loss
n a prelim inary experiment the e ffe c t  o f  the duration o f eme1
exposure was studied. 20,000 strain EVANS amoebae in  4 ml TTY medium
(without c r lth ld la ) wore added to  3 ■nl Carrel flasks containing the
51Chromium labelled  monolayer. Two ■solutions o f  emetine ( 1,000 and
lOO meg.ml) were made up in TTY modiiim and at hourly In tervals 0.45 ml
was added to  separate flasks . The eiKperiment wus concluded a fte r
5 hours. A series  o f  control flasks received 0.45 o f  p lain TTY 
hourly in te rva ls .
exposure (h is ) I SOtO|K> I.OSS (%)
Emetine P la in  TTY
lOO meg. ml lO meg.ml
5 18 41
4 19 27 43
3 28 31 44
2 33 30 47
1 48 50 47
Table 10. E ffec t o f  dura tion o f  emetine expo.ure
u|ion cytopathic e f fe c t .
Percentaife isotope loss from kidney cu ll 
monolayer caused by E .h is to ly tic a  in the
pro.*
the experiment i t  had no re ta rd ing e f f e c t  upon monolayer damage 
(Table 10). Exposure fo r  2 to  ;> hours produced a progressive 
retardation in monolayer damage. In  the absence o f  emetine i t  has 
a 1reads been shown that damage increases l in o a r l.  with time 
(see Part 6 .3 .2 ).  Four hours was chosen as a su itab le  duration for 
further s en s it iv ity  studies employing cytopath ic e ffe c ts .  Fly th is  
time the damage was about h a lf  that o f  untreated amoebae at emet • 
concentrations o f  10 meg.ml. When exposure was further prolonged, for 
example to  4H hours, i t  was found that no amoebae (s tra ins  EVANS or 
DKB) survived at 25 meg.ml but some would surv ive  at 12.5 meg.ml.
The e ffe c t  o f  emetine concentration  was then studied in more d e ta il.  
2.25 ml o f umoebic suspension, con tain ing 20,000 amoebae in TTY medium, 
was added to a series  o f  Carre l fla sk s  containing **Chromium labe lled  
monolayers. 2.25 ml o f  emetine d ilu ted  in TTY medium was added to give  
fin a l dnig concentrations o f  900, 200, 50, 10 and 2 meg.ml. Further 
flasks without emetine were inocu lated with 20,000, 10,000 and 4,000 
amoebae in 4.5 ml Of medium, to  measure the e f fe c t  o f inoculum s ize  
upon isotope loss. Two re p lic a te s  were made throughout.
Reau1ts . This methodolog was upplied , in separate experiments, 
to  s tra ins EVANS and DKB. With both s tra in s , the central part o f  the 
log dose response lin e  was more o r loss lin ea r Ixit « t  low emetine 
concentrations the lin e  must curve u|iwards to  reach, at zero emetine 
concentration, a loss value equal to  that o f  20,000 non-expogod 
amoebae. This ext ra po I a t od part o f  the dose response line has been 
indicated on the g ra tis  (F igu res 10 and I I )  by a dotted lin e. The
Figure lO. Cytopathic e f fe c t  o f  amoobao in the presence o f 
omutlnu. 1. 5l-Chromlum loss , at 4 hours, from 
lab e llod  kidney c e l l  monolayers, us in g 20,000 stra in  
EVANS amoebae. In tercep t from 10,000 untreated 
amoobao g iv es  U l^ .
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cen tra l tendency equivalent to the UJ,.  ^ used in Method A may lie 
considered to lie the concentration o f emetine that reduces the 
cytoputhic e ffe c t  o f  the inoculum by 30%, i . e .  to that produced 
by 10,000 normal umoebue. The intercepts have been drawn on 
Figures IO and 11 and i t  can be seen that in these particu lar 
experiments the s tra ins  EVANS and DKB gave log U> values o f  0.92 
and 1.0 respective ly. When the experiment was repeated again with 
s tra in  EVANS on two d iffe ren t dates, log I ^  values o f  1.28 and 1.2 
were obtained.
7.5. Discussion
The main conclusion to he drawn from these s tra in  comparison 
studies is  that, apart from strains HUFF and 1AREDO, a l l  were very 
s im ila r in many o f  th e ir characteristics. Thus no o th er strains grew 
a t room temperature and the fluorescent antiliody t i t r e , using 12 
d iffe r en t seru was always within the range o f  one doubling d ilu tion  from the 
mode. There wax no tendency for homologous reactions to g ive  a higher 
t i t r e .  Drug s e n s it iv it ie s  wore also s im ilar. The d ifferen ces  in the 
observed sen s itiv ity  to ac riflav in e  und emetine in laic te r l a-associa ted 
cultures are l ik e ly  to lie within the range o f  experimental error for 
a simple endpoint system.
Two new methods o f  measuring drug s en s it iv ity  have lieen devised and 
th e ir  theoretical implications w ill  lie discussed in  d e ta i l  in 
Part 10.3. Both methods uppour to g ive reproducible resu lts , but once
again there was no d e fin ite  evidence o f  s tra in  d iffe r en c es  among tho 
small number o f s tra ins  tested. Very accurate amoebic counts are
nucussHry for both methods, and i f  a large number o f  s tra ins wore to
be compared, the use o f  a Coulter counter should be considered.
In con trad istinction  to  the above find ings , some reproducible 
d ifferen ces  in s tra in  c y to to x ic ity  to  a kidney c e l l  monolayer were 
demonstrated by ranking analysis. The d i f f i c u l t i e s  encountered in 
these studies have already been mentioned; however, i t  is  possible 
that the true cytopathic poten tia l o f  some o f  the stra ins wus so 
s im ilar that further d iffe r en tia tio n  would be nearly impossible.
There was no apparent correla tion  between c y to to x ic ity  and the 
d isease state o f  the putient from whom the s tra in  was isola ted .
L atter (1972) has reported a corre la tion  between viru lence in  rats and 
the cu ltu rab illty  and growth rate o f  d i f fe r e n t  s tra ins . In the present 
work only a weak correla tion  was noied between growth rate and cytoputhic 
e f fe c t  in v it r o .
An important im plication  o f the observed antigen ic uniform ity is  
that any o f tho conventional stra ins could be used as antigen to measure 
the fluorescent antibody t i t  res o f unknown sera.

8.2. Rosulta
Expert went 1. Strains EVANS and H"FT wore grown atone and as a 
mixture fo r  6 days at 37 C. At 24, 48, 72 and !»6 hours the cultures 
were counted. Subcultures were set up, usinK in  each case 5,000 
amoebae, and (crown fo r  48 hours at 25 . The subculture count allowed 
the proportion o f  HUFF in the mixture to  be estim ated.
EVANS 15,000 
HUFF 15,000
2-1 hrs 48 I
AMOEBIC COUNT : 
72 hrs Ü6
Table 11. Strain competition (Expt. 1 ).  Counts a fte r  
1 to 6 days cu lture at 37 . Kigurnj- in 
parenthesis are counts a f te r  48 hours 
subculture at 25 '.
Table 11 shows the rupid early  growth o f  HUFF, and the in i t ia l ly  
higher counts o f  the mixture suggesting that the s tra ins  wore growing 
independently. The ra tio  fo r  the subcultures made at 24 hours
suggests that ut th is  stage the proportion o f  HUFF in the mixture was 
0.83. This ra tio  therea fter tended towards un ity showing that the more 
rapidly growing s tra in  soon dominated the mixture.

Experiment 3. S' growntra ins  HUFF and lAREDO and E.invadens wero 
alone and as mixtures at 25 X  fo r  6 days. Subcultures were made with
5,000 amoebao and counted a fte r  48 hours growth at 37'.
INOCULUM
HUFF
LAREDO
15.000
30.000
15.000
30.000
E,invadens 15.000
30.000
AMOEBIC COUNT x IQ4 
Six Days 4B-hr Subculture
33,1 13.4
31.8 14.8
33.7 15.1
31.7 14.5
16.1 0
17.8 O
HUFF 15,000 + 
LAREDO 15,000
HUFF 15,000 ♦
E.Invadens 15,000
IARKDO 15,000 +
E. Invadens 15,(XX)
Table 13. Strain competition (Kxpt. 3 ).  Counts 
a f te r  6 days culture at 25 and the counts 
a fte r  48 hours subculture at 37 .
Table 13 shows that fo r each stra in  growing alone the count on the 
s ix th  day was Independent o f  inoculum s ize  (15,000 or 30,000). The 
counts for the mixtures HUFF and lARKDO, and LAREDO and E,Invadens are 
a ls o  s ir  War to e ith er HUFF or LAREDO growing alone, ind icating that in

&Table 14 shows that EVANS was growing much more rap id ly  than 
the other 2 s tra in s . The mixture counts are a l l  lower than the 
sum o f the 2 s tra ins  growing alone, in d icatin g depression o f  a t leas  
one o f the s tra in s . The subculture counts are a l l  s im ila r  su ggestin  
that the v ia b i l i t y  o f  the mixtures was not impaired.
Experiment 5. S trains HUFF and lAREDO and E.lnvadens were grown 
alone and as mixtures fo r  7 days at 25 . Two subcultures were made, 
using 5,000 amoebae, and grown fo r  48 hours at 25 and 37 C re sp e c t l
INOCULUM
HUFF
LAREDO
E.lnvadens
HUFF 15,000
♦ LAREDO 15,000
HUFF 15,000
♦ E.lnvadens 15,000
IAREDO 15,000
♦ E.lnvadens 15,000
HUFF 15,000
♦ 1A REDO 15,000
.
AMOEBIC COUNT :
-h r Subculti
72.8 
42.4 
69.3 
49.6 
26.0 
33.1
19.3
21.8
9 .0
13.4
2<i.3
23. 1
28.3
35.3
Table 15. Sti cemp (Expt i f  tei


Williams Smith (1969) showed that resident s tra ins  o f  Escherichia c o ll 
prevented the colon isation  o f  the host gut by small Ingested  ino< 
o f  other s tra ins  o f the same bacteria l species.
Loss o f  amoebic in fe c tion  is  probably a random process that 
when the to ta l population happens to reach a c r i t i c a l l y  low love 
The presence o f  a mixed in fe c tion , derived from superin fection , 
un lik ely  to  a ffe c t the duration o f  in fec tion .
When models o f  amoebic in fec tion  are being devised these 
considerations are o f groat importance (see Part 20).
'■>. MICIIAM SM OK PKo l l.C ri VK I \1\1K\ ] n
The fo llo w in g  experiments were carried  out to  study in v itr o  
some o f  the ways in  which a sen s itized  host might destroy invuding 
amoebae.
‘>.1. Me I hod hi l’i"|nr.i| mu uid Mil ml on.in.......I Sji|.‘"n ' " I I  i 'ii I liiros.
Adult TO mice were in iected  subcutaneous 1 at weekly in te rv a ls  with
200,000 son icated  t rophozoi tos from TTY cultu res. The amoobue wore 
thoroughly mixed with 0.5 ml o f  complete Freund's adjuvant lie fo re  tlie 
in jec tio n . Contro l groups o f  mice received e ith e r  complete Freund's 
adjuvant in TTY medium or no in jec tion s . A fte r  a series  o f  at least 
5 in jec tio n s  the spleens wore removed a sep t ica ily , cut up and then 
forced through a fine  s ta in less  s tee l mesh in to  culture medium (see 
below) using a g lass  rod; the suspension was then taken up in to  a 
syringe and pushed through a gauge 22 needle. The c e lls  were washed 
twice and then sot up in 16 x 125 mm culture tubes containing 2 ml o f 
medium (E a g le 's  minimal e ssen tia l medium with 10% foe ta l c a l f  serum,
100 u.ml o f  is n ic i l l in ,  100 meg.ml o f  streptomycin and 50 meg.ml o f  
m ycostatln ). Ton m illion  c e l ls  were placed in each tube. Giumsa 
stained smears showed that 60-80% o f  the c e l ls  were small and medium 
lymphocytes. Cultures wore gassed with 5% CO  ^ in  a ir  and Incubated lor 
48 hours. Seru from antigen treated mico gave a low t i t r e  p os it iv e  
antibody te s t  using fluorescein labelled  anti mouse g lobulin . The 
methodology used hero is  s im ila r to that o f Granger and W illiams (1968).


B. In a s im ila r  manner, cu ltu res o f spleen c e l ls  were set up
in the presence o f  umoeblc antigen (the supernatant from 100,01X5 sonicated 
trophozoites grown In crith id ia-assoc ia ted  cu ltu res ). A fte r  4H hours 
the spleen c e l l  culture supernatant was added to kidne\ c e ll monolayers.
No v is ib le  changes were noted a f t e r  24 or 4H hours, i rrespec t i ve o f 
whether the sp leen  c e lls  woro derived  from sen s itized  mice or con tro ls. 
However, when the monolayers were labe lled  with 51Chromium using the 
method described previously (see Part 6 .3 .1 ) there was at 24 hours 
greater e lu tio n  o f  Isotope from the kidney c e l ls  exposed to spleen 
culture supernatants from amoeba sens itized  mice (mean loss in 
5 flasks * 30.1%, s.D. = 2.5) compared with cu ltu re supernatants 
from normal o r  adjuvant treated mice (mean loss in  4 flasks = 28. D ".
S.D. m 0 .5 9 ). This d ifference is  s ign ifican t at the 1% le ve l.  A 
control flask  w ith  no amoeltae showed an isotope loss o f  25.2%. Even 
with la rger amounts o f amoebic antigen it  was not possible to produce 
spleen c e l l  cu ltu re  supernatants that were v is ib ly  toxic  to kidney
c e lls .
C. In order to observe any d irec t to x ic ity  o f  lvmphotoxin upon 
amoebic troph ozo ites, the supernatants from PHA stimulated and amoebic 
antigen treated  spleen c e ll cu ltu res were added to amoebae growing
as cri th id ia-associa ted  cultures o r upon kidney c e ll monolayers.
No tox ic  e f f e c t s  woro observed, even at a concentration o f 50%.
(4 ) D irect action  o f antibody upon amoebae
Method. To study the e f fe c t  o f  human serum upon the v ia b i l i ty  o f  
trophozoi tos , 20, (XX) amoeltae (s tra in  EVANS from a cr I thi di a-assocla ted 
cu ltu re) were added to tissue flasks with ^Chromium labelled  monolayers


io . GENERAL discussion of in  v itr o  experiments
10.1. Mechanisms o f Host Damage
The s tud ies  o f  enzymes produced by E .h is to ly tic a  have been extensive 
and they are reviewed by Jarumllinta and Maegralth (1969). P ro teo ly tic  
a c t iv ity  has been demonstrated using substrates such as g e la t in , casein, 
f ib r in , haemoglobin and gut e p ith e lia l suspensions. The find ings with 
pathogenic and non-pathogenic s tra ins  are In general s im ilu r, with the 
possible exception  o f carboxypeptidase, which uppeurs to  bo absent from 
some pathogenic stra ins . The f r e e - liv in g  Acanthamooba produces many 
sim ilar p ro te o ly t ic  enzymes. Many non-protoo lytic  enzymes have been 
id en tif ied  but these may r e la t e  more to the in ternal economy o f  the 
parasite ra th er than to i t s  pathogenic p oten tia l. Of g rea ter in terest 
Is  the f in d in g  o f  hyaluronidase a c t iv ity  in a number o f imthogonic 
stra ins (,Ja ru s il in ta , 1962). I f  invading amoobae are to move between 
c e l l  In te r s t ic e s  th is on/.vmo may be o f greater relevunce.
Work on amoeba 1 enzymes has o ften  involved both in tact amooliae 
and c e l l - f r e e  ex tracts . When in ta ct amoebae have Ixien used i t  is  not 
c lea r to  what extent enzymes are sot free  in to  the medium, released 
on contact w ith  the substrates or released by dying amoebae. The work 
described in  Parts 6.2. and 6 .4 . emphasises the im|Kirtanco o f  c e ll  
contact. Amoubnl extracts und culture supernatants produced no v is ib le  
dumage, no changes on e lectron  microscopy and no releuse o f  isotope 
from Chromium labelled  c e l ls ;  furthermore, in torp osit ion  o f  an agar 
d isc prevented cytopathlc a ttack . The e lectron  microgra|ihlc findings 
described here show that c e l ls  and amoebae come in to  very c lose  contact 
before c e l l  damuge occurs. I t  is  possible that p ro teo ly tic  enzymes or


10.2. Amoebic Destruction by Host
P ro tective  immunity to amoebic tissue invasion has been demonstrated 
In dogs (Swartr-welder and Avant, 1952), Kuinoa pigs (Sato, 1957) and 
hamsters (Krupp, 1974); there can be l i t t l e  doubt that the human host 
responds in the same way. Not only may c l in ic a l ly  evident bowel d isease 
be s e lf - l im i t in g , but in  pre-emetine days l iv e r  abscess patients sometimes 
recovered spmtarumusly fo llow ing drainage through a hepato-bronchial 
fis tu la  (Rogers, 1922). Furthermore, the frequency o f amoebic antibody 
and skin s e n s it iv i t y  in  subjects liv in g  in  endemic areas, suggests that 
siiontaneous recovery is  the general rulo rather than the exception.
Most textbooks state that there is  l i t t l e  c e llu la r  response to amoebic 
invasion; apart from a loca l increase In neutroplii Is , which in gut lesions 
is  usually a ttr ib u ted  to bacteria . However, the material upon which th is 
Impression is  based may be very biased as i t  derived mostly from 
autopsies o r su rg ica l specimens from patients with fulminant d isease.
In such patien ts  tho Immune system has indeod fa ile d ,  but i t  is  wrong 
to in fe r  from th is  that an Inflammatory reaction does not o ften  occur.
The most chron ic gut lesions, re fe rred  to as amoebomas, show qu ite 
extensive lymphocyte, plasmu c e l l ,  monocyte and fib rob las t in fi l t r a t io n s  
and sim ilar c e l l s  may occur at the periphery o f  some l iv e r  lesions.
Gilmun and Prathap (1971), studying rectal b iopsies in Malayan aborigines, 
noted that long standing or healing recta l u lcers showed a d e f in ite  
granulation t issu e  response. The absence o f  a c e llu la r  immune responsu 
is  to 1)0 expected in weanling ra ts  as th is specios does not become fu lly  
immunecom|)Otunt u n t il 2 or 3 months o f  U|p; a s im ila r s itua tion  p reva ils  
in k itten s.
lot
Experiment (4 ) ,  described in  Part » .2 . ,  showed that antibody, at 
concentrations l ik e ly  to be present in the tissues, d id  not in h ib it 
the cy topath ic  e f f e c t  o f  amoebae. In mun most amoebic antibody belongs 
to  the IgG c lass  with sm aller amounts o f  IgM in  acute les ion s; in 
add ition  the frequency o f  an immediate skin s e n s it iv ity  to  amoebic 
an tigen , in  d iseased patien ts , strongly suggests that IgE antibody 
is  present a ls o . I t  is  uncertain whether antibody alone can elim inate 
tissue in vasion ; l iv e r  abscess patients may have vory h igh t it r e s  
when measured by in d irec t immuno-fluorescence or in d ir ec t 
haemagglutlnation, but the disease process is  o ften  not halted . 
Im m obilisation t i t r e s  in man are genera lly  low, furthermore amoebae 
may rem ob lllse  a f t e r  contact with antibody (B ia g i-F  e t  a I . ,  li>66).
The ro le  o f  c e 11-mediated immunity deserves more atten tion .
Delayed skin hy iiersonsi t i  v i ty was found in convalescent South African 
Bantus und those with prolonged symptoms (Maddison e t  a 1 . . |!l6Ha);
and s im ila r  find ings  are reported from Thailand (Savanut e t a 1. ,  1973a). 
Recently blood lymphocytes, from putlonts with l iv e r  abacess, have boon 
shown to  transform  in the presence o f amoebic antigen (Suvanut e t a I . , 
1973b). Patien ts  with acute l iv e r  abscess were found to have a diminished 
delayed skin response and murrophagu migration in h ib it io n  to amoebic 
an tigen ; a f t e r  treatment both tests  were p os itive  w ith tho same antigen 
(O r t ir -O r t i*  e t  a l . . 1975). Harris and Bray (1976) working in The 
Gambia have shown transformation not only in l iv e r  abscess |>ationts, but 
a lso  in some apparently liealthy persons in a h igh ly endemic area.
There are several immunological mechanisms that might operate 
through a T -c e l l  response:-
(1 ) Transformed T -c e lls  may re lease a skin reac tive  factor, 
thereby increasing the purmeabllity o f  mucosal and sub­
mucosal c a p illa r ie s ,  and so allow antibody to escape.
A s im ilar e ffe c t  might be produced by damaged neutrophils 
o r must c e lls  degranulatod by IgE mediated s en s it iv ity .
(2 ) Sens itized  T -c e lls  may k i l l  d irec tly  by binding 
s p e c if ic a lly  with surface  receptors.
(3 ) Antibody coated amoebae might bo subject to  attack 
by cytotox ic k i l l e r  c e l l s .
(4 ) Antibody coated amoebae might become attached to 
phagocytes by opsonic adherence, or in  the presence o f 
complement by immune udhorenco.
(5 ) Transformed T -c e lls  might produce mucrophago activation  
e ith e r  non-specl f i c a l l y  o r by a s p e c if ic  macrophage 
arming factor.
(6 ) Transformed T -c e lls  might release cytotoxin  d irec tly  
tox ic  to  amoebae.
Experiment (3 ) described in  Part 9.2. showed that a lymphotoj 
was released by spleen c e l ls  in  the presence o f  antigen but this 
tox ic  to amoebae. A s im ila r lymphotoxln was reported by Grungor 
(1969) using Prt) and spleen c e l l s  from tuberculin-sensitised mice 
Such substances may w ell cause lo ca l tissue dumugo even i f  they d 
k i l l  the micro-organism d ir e c t ly .  Since macrophages have not so
implicated in  natural amoebic lesions, mechanisms 2 and 3 appear the 
most l ik e ly  explanation for the other experimental find ings, although, 
as mixed spleen  c e l l  suspensions wore used, macrophages may have been 
involved as w e l l .  The finding in Experiment (2 ) (Part 9 .2 .) that amoeba 1 
death was more rapid in the presence o f  antibody would support e ith er 
mechanism 3 o r  4. The destructive e ffe c t  o f  spleen c e lls  from mice 
given Freund's adjuvant alone, suggests n on-specific  macrophage ac tiva tion , 
s im ilar perhaps to  the macrophage-media ted suppressive e f fe c t  o f  BCG 
upon the growth and metastasis o f  hydatid in fec tion s  (Rau and 
Tanner, 1975). C learly several mechanisms may operate simultaneously 
and the system could be very complex.
While the immune rejection  o f invasive amoebae is  fa ir ly  well 
estab lished, the elim ination o f luminal forms from the gut by immune 
mechanisms i s  much more doubtful. C lin ica l experience suggests that 
patients with invasive d isease, treated only with emetine, chloroquino 
or te tra cyc lin e , rarely lose th e ir intraluminal in fec tion , despite the 
prosonco o f  serum antibody. Studies to demonstrate IgA antibodies in serum 
have so far fa i le d  (Muddison e t s i . . 1968b) but no d e f in it iv e  studies 
have been made to  detect them in gut contents or faeces. I t  is  possible 
that the brush border o f the colonic e p ith e llu l c e lls  becomes coated with 
IgA antibody (Tomusl, 1972) and that th is  prevents intimate contact 
between the amoeba and the enterocyte. The phenomenon o f  s te r i le  
immunity can be studied epidomlologica1ly and th is w ill  be discussed 
la te r  (Part 20 ).
10.3. Assay o f  Amoeblcldal Drugs
When drug concentrations are p lotted  against the percentage 
m orta lity  o f  an organism, a sigmold-shaped dose-response curve Is  often 
obtained. The cen tral portion o f  the curve o ften  becomes more linear 
when the logarithm  o f  the drug concentration Is  p lotted . This phenomenon 
was observed In  Part 7.4.2. when log.emetine concentration was plotted 
against amoebic count (F igures 6 and 7 ), or cytopathlc loss caused 
by amoebae (F igu res  10 and 11). Theoretica lly  th is  find ing is  o f 
considerable ln te ro s t because I t  Is  possible to in terp ret such curves 
in  several ways:
(A) The curve may re fle c t  heterogenous drug s u s ce p t ib ilit ie s  
among the te s t  organisms.
I f  the in d iv idual su s ce p t ib il it ie s  are d istribu ted  in a normal 
(Gaussian) manner, then the dose-response lino represents the cumulative 
m ortality  at each concentration. Hence when the percentage mortality 
Is  p lotted  against drug concentration a sigmoid curve is  obtained with 
a mean equal to  the U )^  and a standard deviation  re la ted  to the slope o f  
the dose-res ponse lin e. I f  the proportional m orta lities  are plotted, on 
a probit s ca le , then the standard deviation  is  equal to  the reciprocal 
o f  the s lope . The observation that the o rig in a l lin es were nearly linear 
when log. doses were p lotted  would suggest that the s u s ce p t ib ilit ie s  o f  
individual organisms were themselves d istribu ted in  a log. normal manner.
(B) The curve may r e fle c t  the random uptake o f  a drug by a 
homogenous imputation.


o f  the ID ^  w ill  g ive  a more accurate comparison o f lethal e ffe c ts .
The two methods developed in  th is thesis  in  Part 7.4.2. w i l l  allow such 
comparisons to be made. Considering the d iffe r en t p rincipals underlying 
th e  two methods the concordance o f the l i ) ^  is  good. Using the f ir s t  
BK>thod, values fo r  emetine f e l l  w ith in the range log. 0 .8  -  log. 2.2,
i . e .  6 .3  -  158 meg.ml a f te r  3 hours drug exposure; a fte r  48 hours 
the LCjqo was between 4.2 und 38 meg.ml (see Part 7 .4 .1 ). The duration 
o f  drug exposure i s  important when IJ )^  values are being measured, as 
exem p lified  by the resu lts  in  Table 10. However, provided the time is  
standardized, va lid  comparisons may be made.
10.4. Tho B io log ica l Forms o f  E .h is to ly tic a  in v itro  and in vivo
The lumen dwelling 'minuta' form o f  E .h is to ly tic a  has always been 
recogn ised  as being b io lo g ic a lly  d iffe r en t from the invasive 'magna 
form . Besides i t s  la rger  s ize , tho 'magna' form is  characterised by more 
a c t iv e  movements, la rger food vacuoles containing no bacteria, a larger 
nucleus that is  less w ell soon by phase contrast microscopy, tho a b il ity  
to  r e a d ily  ingest eryth rocytes  and fragments o f tissue c o l ls  and its  
in a b i l i t y  to oncyst. Furthermore, cytochemical studios have shown that 
in va s iv e  amoebae w ith in hamster liv e rs  have higher concentrations o f 
a c id  phosphatase, n on -spec ific  esterase and NAD dlaphorase, compared with 
'm inuta ' forms growing with bacteria (M ichel and Westphal, . 1970).
In  view o f the many d ifferen ces  Imtweon tho two forms, i t  is  reasonable 
to  speculate that they are the expression o f d iffe ren t genetic codings; 
homologous perhaps with the b io lo g ica l forms o f tho Trypanosomatidae.
I f  th is  is  the case then one or more unvi ronmentul tr iggers  may induce 
the genetic  expression o f  tho other form; as occurs for example when 
Trypanosoma cru/.l is  culturod at d iffe r en t temperatures (Neva at a l . ,  I!i61).
The question then a r ise s  as to which lorn do cultured amoebae 
correspond? Hucteria-aasociated cultures appear to be s im ilar to  the 
luman dwelling 'minuta' form with regard to  th e ir  morphology, 
in a c t i v i t y  to animals and th e ir a b i l i ty  to  encyst. In addition, such 
culturos require anaerobic conditions. Harinasuta and Harinasuta (1955) 
showed that an ox idation-reduction  poten tia l o f  -200 m ill iv o lts  was 
required for m u ltip lica tion . On a s o lid  medium, Dulamuth and Brent (1951) 
found that 0.1% oxygon in h ib ited  growth and 2% was le th a l.
C r ith id ia -ashoc1 ated and axenic amoebae, however, are s im ilar in  
several rospects to  the ' magna' form. They are larger than those grown 
with bacteria, they adhere read ily  to a glass substrate and they do not 
encyst. In TTY culturos nmoobue grow read ily  in  the upper, more aerob ic  
part, o f  the culture tube (personal observation) and w il l  a lso grow in 
the absence o f  an added reducing agont (see Part 5 .5 ). S im ilarly  
W ittner (I96H) showed that amoebae in  axonic culturos multiply in the 
upper part o f  the cu ltu re  tube, and would grow at an oxygen tension one 
tenth atmospheric. Cytochem ically, crith id la-assoc ia tod  amoebae are 
s im ilar to invasive forms in  the hamster l iv e r  (Michel and Westphal,
1970). However, unlike the s ituation  with freshly obtained invasive 
umooliao, gut in fo c tion s  in rodents cannot lie established with c r ith id ia -  
associated culturus (personal observation ), and axenic strains in jec ted  
ln tracu eca lly  do not in fe c t  guinou pigs or ruts (P h ill ip s  mt a l . , 1972).
However, o r iIh ld l a-associa ted  cultures w il l  in fec t humstor liv e rs  when 
in jec ted  ln trahepatica11y (Raether, 1971), to produce typ ica l amoebic 
ubscesses. S im ila r ly , large inocula o f  axenic amoebae w ill  do the same 
when ln joctod d ir e c t ly  in to  hamster l iv e rs  (Tanimoto nt a I . , 1971;
D1amend ., 1973).
I t  has boon commonly assumed that amoebae in tissues require 
physicochemical cond itions s im ilar to those o f  bncteria-associated 
cu ltu res. In the present work, however, i t  has boon shown that c r ith id ia -  
associatud amoebae can grow (sec Parts 5.4 and 5.5) and exert a 
cyto tox ic  e f fe c t  (s ee  Part 6 .3 .3 .c ) at pH and redox le ve ls  s im ilar to 
those o f  mammalian tis su es . Furthermore, iso la ted  trophozoites may 
qu ite o ften  be seen some distance from a necrotic  les ion  and W ittner 
and Rosenbaum (1970) wore able to cu ltu re amoobue from hamster 
llv o rs  showing no le s io n s , three weeks a f te r  the in traporta l In jection  
o f  axenlc amoebae.
The status o f  MSF cu ltu res, growing upon non-multiplying bacteria, 
is  uncertain . They w i l l  read ily  in fe c t rodent caeca; and Montalvo 
e t  a l . (1971) have shown that they w i l l  metabolise glucose serob ica lly  
or anaerobica lly, depending on the presence o f  a ir .
On repeated subculture bacteria-associa ted  amoebae o ften  lose 
v iru lence qu ite rap id ly  (see Pnrt 13), although i t  may sometimes bo 
restored by l iv e r  passugu. In contrast b ac te ria -free  cultures uppear 
to  maintain some v iru len ce  to the hamster l iv e r ;  thus the 3 strains 
studied by P h illip s  e t  a t . (1972) had been in  axunlc cu lture for 7, 2 
and 2 years ru sp ec tivu ly . S im ilarly the s tra in  (LIOG1NS) used in Parts 
IS and 16 to produce l i v e r  abscess in  hamsters had been in TTY culture 
fo r 1 -1 A years. I t  should be noted, however, that Bos (1973) using 
c r lth id i a-assoc.iated, and W ittnor and Rosenbaum (1970) using axenlc amoebae, 
found a docllno in v iru lon co  a fte r  removal o f  bacteria.

11 . INTRODUCTION
11.1. in te st in a l Amoebiasia
The su scep t ib ility  o f d iffe r en t host species has already been 
b r ie f ly  reviewed in  Part 4 .2 .2 . Ago is  a w ell recognised factor 
esp ec ia lly  in  ra ts ; the weanling toing much «o re  susceptible than the 
adult. The s tra in  o f host is  a lso  important and several inbred rat 
s tra ins have recently been compared by Neal and Harris (1975).
The re la tion sh ip  between the gut bacteria l flora and umoebiasis 
has been studied by several workers. Concurrent in fection  with 
haemolytic streptococci or pneumococci (Spector, 1935) or 
Esotierlohie c o l l  (Deschiens, 1937) increased the sever ity  o f lesions 
in cats; and k il le d  Salmonella typhi or S.paratyphi (Deschiens. 1936) 
had the sumo e f fe c t .  When germ-free guinea pigs wore mono-contaminated 
with various non-pathogenic bacteria l species the sever ity  o f amoebic 
lesions d i f f e r e d  (P h illip s  and Oorstein, 1966). The la t te r  is  rather 
an a r t i f i c i a l  s ituation , however, and in general the «»change o f  
b acteria l associates between amoebic stra ins does not a f fe c t  th e ir 
pathogenicity (Neal, 1957); although Sarkisian (1967) has reported 
enhanced pathogenicity when Clostridium perfringens is  added to  umoebic 
lnocula.
Whon the recta l mucosa o f  cats was damaged with f in e ly  powdered 
glass, amoebic lesions developed more readily (P h illip s , 1957). Mucosh 
damage prot>uh|y also explains the e ffe c t  in dogs o f  a canned salmon 
d ie t (A rtiga s  and Heaver, 1961) and croton o i l  (loach, 1H75); Nauss
and Rappuport (1940) reported that the e ffe c t  o f  croton o i l  in 
cats was enhanced by the presence o f  'c e r ta in ' associated bacteria.
Possib ly some o f  the reported e ffe c ts  o f a high d ietary  cholesterol 
(B ia g i e t a 1. . 1962; Das and Singh, 1963) are due to  an Irr ita n t  e ffe c t .
In  guinea pigs the adm inistration o f  cortisone or hydrocortisone 
increased the s ize  o f  caocal amoebic lesions and predisposed to 
p erfo ration  (Teodorovic e t a i ., 1963).
Despite i t s  p oten t ia l importance host d iet has been re la t iv e ly  
l i t t l e  studied experim entally. Taylor e t a l . (1930, 1932) tound that 
the outcome o f  in fe c tio n  in both rats and guinea pigs d iffe r e d  when 
two d ie ts  were compared. Ilogner and Eskridge (1937) noted that rats 
given a high protein  d ie t  eliminated th e ir amoebic in fe c tio n , presumably 
E .su r is . Copal Rao and Pudma (1971) while studying s tra in  d ifferen ces  
noted that rats on a low protein d iet sometimes developed more extensive 
and severe caecal u lce ra tion . In one study (Carrera e t a l . , 1932) 
guinea pigs given prote in  d e fic ien t d iets  did not show a d iffe r en t 
s u scep t ib ility  to  in fe c tio n  or tissue invasion; however, the animals 
were only given the d e f ic ie n t  diets for 8-11 days. Wostphal (1970) 
noted that a high carbohydrate d ie t increased the s u s ce p t ib ility  o f 
mice to  E .h is to ly tica  In fec tion , but not to  tissue invasion. Sadun 
e t a l . (1931) reported that Vitamin C deficiency in  guinea pigs 
favoured tissue invasion . The synthetic d iet usud by Lynch (1937) 
to  enhance viru lence in guinea pigs contained gum arable, potassium 
acetate  and magnesium ox ide ; i t  was shown that the d ie t i t s e l f  induced 
h is to lo g ica l changes in the caecal mucosa.
In the present work the synerg istic  e ffe c t  o f  two in te st in a l helminths, 
T rich u ris  murls and Schistosoma mansoni , has been studied in mice (Parts
12 and 13) .  In man these frequently occur as mixed In fections with 
E .h is to ly t ic a . In add ition , the ro le  o f  low protein and high 
carbohydrate d ie ts  has been investiga ted  in d e ta il In rats (Part 14).
11.2. Hepatic Amoebiasls
Maograith and Harlnasuta (1954b) showed that guinea pigs sensitized  
to  amoebae by a p ro -ex is tin g  gut In fec tion  were more liab le  to dovelop 
l i v e r  abscess a fte r  ln traporta l inoculation o f amoebae. Sens itisation  
v ia  the cubital vein  a lso  has the same e i fe c t  (Beltran-ll. e t a l . . 196H). 
Krupp (1956) showed in  guinua pigs that hepatic In jury caused by 
m igrating larvae o f  the nematode Toxocara cants prolonged the persistence 
o f  Entamoeba h is to ly tic a  in  the l iv e r  follow ing lntracaocal inocu lation, 
but d id  not result in abscess formation. High d ietary cho lesterol 
Increased the number o f  l iv e r  abscesses in hamsters (H iagi-F. e t a l . .
1962) but this e ffe c t  might bo portly  due to enhancement o f  gut lesions. 
The high serum cho lestero l reported in human putionts (B iagi-F . e t a l . , 
1965) could be a non -spec ific  response to  l iv e r  damage and stress , 
ra th er than a predisposing fac to r. These workors a lso report an 
Increased su scep t ib ility  in animals given cortisone, progesterone or 
testosterone (B iagi-F . e t a l . . 1963).
Sections or co lon ic  wall in  human cases o f  amoebic dysentery not 
in frequently  show thrombosis o f  the smaller mesenteric veins. Furthermore, 
e a r ly  hepatic lesions in nan have a periporta l d i s t r i bu t i on and the 
appearances sometimes suggest that they begin at the s itu  o l small 
venous omlioli or thromboses in s itu . In order to determine whether 
n ec ro tic  hepatic tissue predisposes to amoebic growth, experiments wore 
designed to in vestiga te  the behaviour o f bacte ria -free  B .h is to ly tica
In  haastsra with l iv e r  In jury (P ert 15). L iver tissue wus durouged
e ith e r  by the in jection  o f  small Kluss p art ic le s  into thu p o r ta l
vein  producing disseminated n ecro tic  foc i or by the l ig a tio n  o f  one lot>ar
branch o f  the portal vein producing hypoxaeata o f  that lobe. The
use o f  b a c te r ia - fre e  inocula elim inated the orrect o f  concomitant
bacteria .
In a d d it io n , the possib le  e f fe c t  o f a lcohol induced l i v e r  damage 
has been stud ied  experimentally in hamsters (Part 16).
12. THE INTERACTION BETWEEN E. HISTOLYTICA AND TR1CHURIS MUR IS IN MICE
12.1. Method
Trichurls m ens In fec tion . Three-week old (emule TO mice weighing 
15 to 18 g were g iv en  by guvage 12.5 mg piperazine c i t r a t e  (Antepar)
In  0.1 ml o f w a ter; th is  was repeated 5 days la ter . Two days a fte r  the 
second dose o f  p iperaz in e  about 80 eggs o f  T.muris (k ind ly  supplied by 
Mr. J. E. D. K ee lin g , Burroughs Wellcome, Kent) suspended in 0.1 ml o f 
water were given  by gavago. The eggs, which wore derived  from gravid 
female T.muris. had boon Incubated In  water at 27 t  fo r  6 to 12 weeks; 
when used about 80% to  70% o f the eggs were fu lly  embryonated. One 
week a fte r  In fe c t io n  2 mg o f cortisone acetate was given  subcutaneously 
In  0.1 ml o f  s a lin e  and tho same dose was given again 3, 5 and 7 days 
la te r . Each mouse thus received 8 mg o f  cortisone ace ta te , equivalent 
to  about 400 mg/kg body weight. The control mice, that would la ter 
be In fected with E. h is to ly tic a  on ly, received tho same medication with 
piperazine c it r a t e  and cortisone acetate.
This In fe c tio n  schedulo is  based upon the find ings o f  Keeling (1961 
and Wukelin (1967), who have studied experimental T .muris in fection s  in 
mice. Young (emule mice are tho most susceptible and p iperazine is  
necessary to e lim in a te  any pre-ex istin g in testina l helm inthic in fection  
which night in t e r f e r e  with T.muris. The uso o f cortison e minimizes 
tho immunological r e je c tio n  that occurs during the establishment phaso 
o f  the in fec tion .
Entamoeba h is t o ly t ic a  In fec tion . Mice wore In fected  with 
E ,h is to ly tica  40 to  4 8 days a fte r  the Trlchurls eggs had been given ; at 
th is  time the worms were mature and eggs were e a s ily  detectab le in tho 
faeces. The mice were weighed before in fection .


caeca! scores. The high rates o f  amoebic in fec tion  and tissu e  invasion 
in  the control anim als in  th is group suggested that stra in  DAWSON was 
too v iru len t fo r  the purposes o f  the experiment and fo r  th is  reason 
stra in  Z0CKI.1NG was used th erea fte r. The presence o f  T richurls 
in fe c tion  had l i t t l e  e f fe c t  on body weight.
Type o f 
In fection
No.
Mice
Me
Wall
an Caeca1 
Score Mean 
Worm
Contents Load
llaema tophagous P os itive
Culture
GROUP 3
K .h is to ly tic a 10 0.2 0 .2  O 1/10 3/10
K .h is to ly tica 16 2.5 11/16 13/16+ Trichuris
GROUP 4
E .h is to ly tic a 10 0.2 0 .3  O 1/10 1/10
E .h is to ly tic a  
+ Trichuris 8 2.0 2.75 20.3 5/8 5/8
Trichurls only 5 0.0 0 .4  33 0/5 0/5
GROUP 5
E .h is to ly tica io 0.0 0 .0  O 1/10 0/10
E .h is to ly tica 7/8 6/8♦ Trichuris ' 2. la
T richuris only 5 0.4 0.6 34.0 0/5 0/5
Ej h is to ljft tea and Tnchuris in fec tion s  in  mico.
Table 17. Lx perimenit 2, outcome o f  amo.sbic In fec tion
(s t ra in  ZOCKLING) in  mice with and without
Table 17 g ives  the find ings in Experiment 2, using s tra in  
ZOCKLING. This s tra in  showed a low in fe c t lv lt y  and invasiveness in 
con tro l animals but In those in fected  with Trich u ris  the rates for 
p o s it iv e  culture and the presence o f  haematophagous amoebae were 
h igher, as were the caecal scores. The resu lts  suggest that the longer 
time In te rva l between amoebic in fec tion  and autopsy in groups 4 and 5 
gave a lower in fection  rate in  control animals but not in those 
in fec ted  with T rich u ris . Animals in fected with T richuris only were 
studied In  groups 4 and 5 to  determine whether the helminth in fection  
i t s e l f  a ffec ted  the caecal score . Of the 10 mice studied, one. with 
an exceptiona l load o f  81 worms, showed v is ib le  wall thickening o f 
the caeca l apex; and th is animal, together with two others, had partly 
liq u id  caecal contents. With these exceptions, the caeca o f  mice 
in fe c ted  with T richurls only wero macroscopica1ly  normal; bleeding 
was not seen at the s ite s  o f  attachment. I t  is  there fo re  l ik e ly  that 
the amoebic in fe c tion  was predominantly responsib le fo r high caecal 
scores o f  animals with double in fec tion s. As in Experiment 1, changes 
In body weight wore not grout, although mice doubly in fected  with 
E ,h is to ly tic a  and Trichuris lo s t 1 to 4 g more. Weight loss correla te  
b ette r  with the caecal score o r the presence o f  haomutophugous umoobao 
than w ith  the worm load, suggesting that amoebic tissue invasion might 
bo responsib le. E.muris trophozoites were seen in 5 o f  the 10 animu Is 
in fe c ted  with Trichuris only, but there was no growth on culture.
In general, i t  w i l l  bo noted that culture was a more s en s itive  me 
o f  d etec tin g  E .h is to ly tic a  than the find ing o f  huemutophagoes trophozo 
presumably th is is  partly  hecuuse non-invasive amoebae w il l  grow on 
cu ltu re . Of the 48 animals in which haema tophugous umoelatu wore round
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Plat® 17. E .h is to ly tic a  and Trichurl a In fec tio n « In mice. 1.
Head o f  T.muris (sectioned lon gitu d in a lly ) embedded in caecal 
mucosa. S u p er fic ia l to the worm head there la  mucosal 
destruction  with a fibrinous and Inflammatory c e l l  exudate 
that contains amoebae. <x 80)
P late 18. B .h is to ly tic a  and Trich u rls  in fection s  in mice. 2.
An terior parts o f  T.murls (sectioned  transverse ly ) lying 
on caecal mucosa which shows ep ith e lia l damage and 
in f  lamination. 80).

with mixed In fec tion s  the very large number o f  amoebic trophozoites 
in  the caecum was remarkable; most contained ingested  erythrocytes. 
I t  Is  worth noting that whipworms, unlike hookworm s p e c ie s ,  digest 
ingested red blood c e l ls  within th e ir gut lumen and do not release 
them into the h ost 's  caecum. H is to lo g ica l studies suggostod that 
amoebic tissue invasion usually, Iiut not always, o ccu rred  at the 
actual s ite  o f  the worm attachment to the mi cosa.
13. THE INTERACTION BETWEEN E. HISTOI.YTICA AND SCHISTOSOMA MANSON1 IN MICE
Light schistosomal In fec tion s  were used as these represent a moro 
r e a l is t ic  model o f the host parasite  s itua tion  as I t  occurs in man 
(Warren, 1963). The experiments wore designed to determine the outcome 
o f  E .h is to ly tica  challenge at d if fe r e n t  stages o f S.mansonl In fec tion , 
the e ffe c t  o f  d iffe r en t  worm loads and also  the e ffe c t  o f  unisexual 
schistosomal in fec tion s . As s tra ins  o f  E.h ls to ly tlc a  o ften  lose th e ir  
ln fe c t lv lt y  to mice r e la t iv e ly  qu ick ly i t  was necessary to  use 3 
d iffe r e n t  stra ins during th is  work.
13.1. Methods
Female TO mice weighing 20 -  25 g were used throughout. S.mansonl
Infections were i shed by the subcutaneous In fection (Peters and
Warren, 1969) o f  a known number o f  fresh cercarlae (Puerto Rican 
s tra in , kindly supplied by Professor G. S. Nelson) suspended in 0 .5  ml 
o f  d is t i l le d  water. In the th ird  experiment the cercariae  liberated  
from a s ingle sna il were In jected  in to  d iffe r en t groups o f  mice in order 
to  obtain some unisexual in fe c tio n s . However, since ligh t in fection s  
were produced in a l l  experiments, a few were unisexual whatever the 
source o f  cercarlae.
At laparotomy under e th er narcosis 100,000-150,000 unwashed 
trophozoites, from a 4H-hour Robinson's medium culture, were Inoculated 
in tracaeca lly  in 0.2 ml o f  cu ltu re medium. Mice were in fected  in batches 
o f  4-6 animuis, each batch contain ing the same proportion o f 
schistosome-infected and con tro l animuis. On the 7th day u fte r amoebic 
In fec tion  the mice were k i l le d  with sodium pentobarbital and the ulxlomen

Table 18
9 a lc e ; I t  la I Ike I in their
1 group would huye
v is ib le  l iv o r  granuloeata in  the bisexual In fe c t io n s ;  2 o f  the la tte r

LI (¡GINS ZOCKLING
Amoebic Strain  
used for 
Challenge Infected
Schistosome-Infected Infected Uni-
or Control Bisexual Control Bisexual sexual Control
Caecal score ^  2 4 O 7 1 2
E .h isto lytica seen 2 1 9 1 3
E.histolytica  
cultured 4 1 » 1 5
E.histolytica seen 4 3 io 1 5
Number o f mice 8 12 15 1 13
E.h istoly tica and Schistosoma infections in mice. 
Table 19. Experiment 2, comparison o f 2 amoebic 
at rains (LIGGINS and ZOCKLING) on 
Inoculation into schistosome-infeeted 
(9$ weeks) and control mice.
The proportion giving either a positive culture or a .-acral score 
of 2 or more is s im ilar for both strains but the raoeal scores were higher 
with stra in  ZOCKLING. The latter finding is consistent with the 
observations made 3 monks be to re this expnr i men t when these strains had 
been inoculated into wuunling rats. Of 9 rats inoculated with strain 
LIGGINS only 2 gave a caecal score of 2 or more and 7 gave a positive 
culture; o f 5 rats inoculated with strain ZOCKLING. 4 gave a caeca I 
score o f 2 or more and a l l  gave a positive culture.
The findings of this experiment illu strate  tho delicacy of the bulance 
between the 2 Infections and shows how this is influenced by the strain of 
E.histo lytica used. Thus with strain ZOCKI.ING 8/15 schistosome-1nfucted 
mice gave a positive culture compared with 5/13 in tho controls; while 
with stra in  LIGGINS the corresponding figures were 4/8 and 1/12. Strain 
ZOCKLING therefore suggests no real difference in susceptibility while
strain LIGGINS does.


K .h is to ly tic a  and Schistosoma in fe c tio n s  in nice I 
Five S.nanson1 eKKs beneath caecal muse la r is  mucosa! The 
OKKS are surrounded by concentric rings  o f  fib rob las ts  and 
inflammatory c e l ls .  This Is  the granulomatous type o f  host 
response and the mucosa shows no evidence o f  anoebic damaKo .
(x 80)


than 1 worm pair, although within the latter group the results are 
relatively uniform and not directly  related to the worm load. The mean 
number o f worm pairs in the 3 experiments were 2.38, 3.83 and 3.60 
respectively; and the combined frequency distribution was a simple 
curve fa llin g  steadily from a mode of 1 pair (36% o f the infections) 
to the 1 infection of 12 pairs; only 2 1% of the infections were of 
more than 4 pairs.
With regard to unisexual Infections, Table 21 shows that both the 
infection rate with E,histolytica and the degree of cnecul ulceration 
are intermediate between those o f the controls and the bisexual infections 
Unfortunately the number of animals is  small and the worm loads cover a 
wide range; howover, it  appears that compared with controls, mice with 
unisexual schistosomiasis are more susceptible to amoebiusis. The third 
column of the Table showing the numbers of mice with a caeca! acoro 2 
together with the finding of E.histofctlea illustrates the close 
correspondence between these 2 parameters.
This correspondence can also be clearly seen in Figure 12 which 
shows the number o f mice giving each caecal score togethor with the 
proportion of this number in which E.histolytica has been either cultured 
or seen microscopically. The caecal score shows a defin ite blmodal 
distribution and tho proportion o f mice with E .histolytica rises from 
32% in those with a score of O to over 70% in those with a score of 3 
or more. In fact the oaecal score distribution curves for 1, 2, 3 or 
4 worm pairs were a ll blmodal. A score of 2 or more evidently belongs 
to the second modo and presumably indicates amoebic tissuo Invasion; 
it  is  for this reason that this score has been solected whim tabuluting 
the results. Tho bimodal curve suggosts that amoebic tissue Invasion 
in rodent models probably takes the form of an a l l  or none phenomenon,
given for each score.

14. DIETARY FACTORS AFFECTING THK PATHOGENICITY OF E,HISTOLYTICA IN RATS.
14.1. Methods
Wi star strain albino rats »rere used In a ll exp»-riments. They were
given 1 of 4 diets (see Appendlii for composition):
Diet A. A ’ balanced' diet. NDpCal 9.8% (Powdered).
Ulet B. Low protein diet. NDpCal 5.2% (Powdered)
Diet C. Low protein, high ca lorie , NDpCal 4.5% (Powdered).
Diet D. A standard commerc:ial diet (No. 86), NDpCal 8-9% (P e lle ts ).
Diets A and B are the same as those used by Stewart and Sheppard
(1871) In their studies on prot. »in ca lo rie  deficiency in rats , and
referred to as O -  lO and 0 - 5 respectively. The rats were allowed 
lib .
The ruts wero inoculated lritracueca1 ly with 100,000 -  150,000
■ shod trophozoites (strain  AKNKI.I.) in 0.2 ml of culture medium from
a 48-hour Robinson's medium cullture. Seven days later the rats were
k illed  and the caecum removed, t 
Part 12.1.
jpened, examined and scored as in
In a l l  experiments indivldttal rats were weighed at weekly intervals.
The weight gains referred to in 
challenge and not to necropsy.
the Tablos are up to the time of amoebic
In Experiments 3 and 4 the redox potential wus measured with a
standard Cambridge motor and redox electrode. Caecal contents were gently
emulsified in d is t i lle d  water U> give a fin a l concentration o f 1%
weight/volume.
14.2. Results
Experiment 1. Twenty-two freshly weaned 3-week old rats weigh inf; 
52 -  56 g were randomly allocated to 1 of 3 diets: the 2 powdered d iets  
A und R and the commercial pe llet d iet, Diet D. Three weeks later a l l  
were Inoculated with E ,h isto ly tica.
DIET A 
DIET B 
DIET D
Mean
weight
42.0 
23.5
81.0
caecal
wall
2.0
0.7
Caecal
wall
score ^  2
contents
V 7
7/8
1/7
Table 22. Diet unO E .h istolytica infection in rata.
Experiment 1, comparing outcome of nmoobic 
challenge 3 weeks after starting respective 
diet at the time of weaning.
A ■ 'balanced' II •= low protein; D -  standard.
The results are shown In Table 22. Although Diet A was designed to 
provido a ll the necessary nutritional requirements of the rat their mean 
weight on this diet at the end o f 4 weeks was only 108.7 g compared 
with 152.3 g for those on Diet D. It was thus apparent that ns both 
groups fed ad lib , the rats "preferred" the pollot diet and hence thoso 
rats on Diet A in effect received suboptimal amounts of a balanced d iet. 
Combining the culture results of those that were malnourished, i .e. Diet 
A and B then 12/15 wore positive compared with 1/7 on the standard 
Diet D (X2 « 4.9, O.OK p <  0 .05 ). On direct microscopy 7 caeca 1 smears 
showed amoobao considered to bo E■histolytica; a ll o f these were subsequently
Experiment 2. Thirty unweunod 2-wook old rats with their mothers 
wore used. There were 3 lit te rs  o f 10 and each l i t t e r  with their mothor 
was randomly allocated Diet A, B or D. At the uga o f 3 weeks the litters  
were separated from their mothers and continued on the same diet to which 
it  had been originally allocated. When weaned the rats weighed between 
45 and 57 g.
The weight gains during the 3-week period were somewhat less than 
those in Experiment 1 but tho gains on each diet re la tive  to the others 
were similar (Table 23). Thus feeding tho mothers on tho diets during the 
last week of suckling had some effect  on the subsequent growth of rats.
DIET A 
DIET B 
DIET D
27.5
15.6 
50.9
3/10
9/10
1/10
contents Positive
score culture
2.1 7/10
2.7 10/10
0.1 2/10
Table 23. Diet and E.hl sto ly tica Infection in rats.
Experiment 2, comparing outcome o f amoebic 
challenge 3 weeks after weaning. Respective 
diets also given to suckling mother for 1 
week before weaning.
A - 'ba lanced ': B -  low protein: D -  standard.
Tho outcome of amoebic challenge in this experiment was similar to 
tho last. Those on Diets A and B both devolopod high infection rates and 
counting these together 17/20 wort* inlectod compared with 2/10 of those 
on Diet D (X2 = 9.3, 0.001 <  p <  0.01). Most workers using rat models

Thirty*one fresh ly  weaned rats (Group 1) weighing 48.4 to  51 6 g 
were randomly allocated  to  1 o f  the 3 d ie ts , B (low  p ro te in ), C (low 
pro te in , high carbohydrate) and D (standard p e lle t  d i e t ) .  One week 
la t e r  a further 29 fre s h ly  weaned rats (Group 2 ) weighing 48.2 -  51.7 g 
were randomly allocated  to  the same 3 d ie ts . The ra ts  were in fected  
with E .h is to ly tic a  in  2 batches 1 week apart; the f i r s t  batch was given 
to  groups 1 and 2 when they had boon on th e ir  d ie ts  fo r  3 and 2 weeks 
re sp ect ive ly ; the second batch was given to groups 1 and 2 when they had 
been on th e ir d ie ts  fo r  4 and 3 weeks re sp e c t iv e ly . The design o f  the 
experiment is  thus a 2 x 3 x 3 fa c to r ia l w ith 2 batches o f  amoebao,
3 d ie ts  and 3 periods o f  d ie t  (2 , 3 and 4 weeks). The design is  
incomplete as each batch o f  amoebae was given  to  only 2 o f  the 3 periods 
on d ie t .
wet ghl Caeca 1 Redox
gai n w a ll potentia l (mV) l*os i t i ve Amoobi c
(B) score ^  2 (mean and S.D. ) culture i nocu 1 tan
DIET H
2 wks 7.4 2/5 + ioo 1 13 2/5 Batch 1
3 wks 17.0 4/5 -  9 1 41 4/5 Hatch 1
12.7 2/5 -  11 4 45 3/5 Batch 2
4 wks 16.0 2/5 -  64 1 30 2/5 lintch 2
DIET C
2 wks 7. 1 2/4 ♦ 69 4 17 4/4 Batch 1
3 wks 16. H 5/5 -  34 1 21 5/5 Batch 1
9.4 2/5 ♦ 34 1 35 4/5 Batch 2
4 wks 14.3 0/6 + 54 *  28 5/6 Batch 2
DIET D
2 wks 50.8 2/5 ♦ 63 ♦ 29 2/5 Batch 1
3 Wks 82.5 1/5 + 95 1 17 2/5 Batch 1
68. 1 0/5 + IO i  39 1/5 Hatoh 2
4 wks 97.2 2/5 + 38 4 21 3/5 Batch 2
Table 24. Diet and E. h is to ly tic a in fe c tio n  na rats.
Export meet 3, comparing outcome o f 2 batches o f
amoebic inocu la 2, 3 ant1 4 weeks a I t e r  s ta rtin g
respect 1 ve d ie t at time o f  woaning B ■ low prote in ;
C ■ low pro te in  high c a lo r ie  l) « standard.
There was l i t t le  difference between the mean weight gains o f the 
rats fed on Diets B and C for the same period o f time (see Table 24) ; 
howovor, both were s ign ificantly  lower in weight than those fod on 
Diet D. Comparing the firs t  and second batches o f amoebic inocula 
the respective infection rates wore 19/29 (65%) and 18/31 (58%) 
and the respective numbers with caeca 1 scores o f 2 or more were 
16/29 (55%) and 8/31 (25%). Thus the second batch gave somewhat 
lower values especially for caecal scores although even the latter 
difference is not significant at the 5% level. For none of the diets 
do the caecal scores o f the rats on their diet for either 2 and 3 weeks 
(batch 1 amoebae) or for 3 and 4 weeks (batch 2 amoebae) show any real 
difference; the infection rates, which are sim ilar in the 2 batches of 
amoebae, are nearly identical at 2 and 4 weeks. Thus length of time on 
diet, within the range o f 2 to 4 wouks, did not appreciably effect the 
outcome of amoobic challenge.
With respect to the infection rates for the 3 diets; Diet B 
(11/20) was greater than Diet D (8/20) and Diet C (18/20) was 
considerably greater than Diet i) (X ■ 3,34, 0.05 <  p < 0.1) and 
2significantly greater than Diet D (X = 7.4, 0.001 <  p <  0.01). There 
were interesting differences in the proportion o f infocted animals on 
each diet giving a caecal score of 2 or more; thus for Diet B 10/11 (91%) 
gave this score compared with 9/18 (50%) on Diot C. Unfortunately, the 
numliers of animals are small and this difference does not quite reach 
ata tistica l significance at the 5% level (X^ »  3 .46); however, sim ilar 
high figures wore found in Kxporiment 1 (6/7) and in Experiment 2 (9/10) 
for Diet B so that the much lower figure (9/18) in this experiment for

DIET II
Mean
weight
(*>
caeca1 Redox
w a ll poten tia l (mV) P os itive
score  (mean nnd S.D.) cu ltu re
14.8 O +101 ± 18 0/10
DIET C 18.9 O ♦119 t  13 0/10
DIET D 80.6 O ♦ 3 3  Ì  16 0/10
Table 25. Diet and E. h is to ly tic a  in fection  in  ruts.
Experiment 4, comparing e f fe c t  o f  3 d ie ts  
given fo r  3 weeks from time o f  weaning.
No amoebic inoculum given. H ■ low protein: 
C ■ low pro te in  high c a lo r ie ; D • standard.
Table 25 shows that E.muris did not grow despite  the fact that th is  
organism was seen in 21 o f  the ra ts . The redox poten tia ls  varied 
considerably but the mean p o ten tia l o f the rats on Diet D was s ign ific a n tly  
lower than those on D iets B or C (pCO.OOl). Weight gains were s im ilar 
to those o f  the rats in Experiment 3 given th e ir  d ie ts  fo r 3 weeks. The 
h is to log ica l changes were s im ila r  to those o f  the non-ulceratnd caeca 
o f the rats on the same d ie ts  in  Experiment 3.
14.3. Discussion
The f i r s t  3 experiments c leu r ly  show that ra ts fed on protein  
d e fic ien t d ie ts  are more susceptib le  to in fec tion  with E .h is to ly tic a  
than those led on a stock d ie t .  Diet A must tie regarded as subopt imnl 
as rats grow consistently less  w e ll on i t  than on the p e lle t D iet D, 
despite the fact that the NDp('ul% values are s im ila r. Experiments 1 
and 2 show that in fe c tion  rutog were highest on Diet B and lowest on the 
p e lle t d ie t ,  while Diet A gave un intermediato valuo. The proportion o f
in fected  animals that developed caecal u lc e ra t ion  was much biglie 
with D iet B than the p e lle t d ie t .  Feeding the appropriate d ie t 
the mother rats fo r  1 week p rio r to  weaning (Experiment 2) reduc 
the subsequent growth o f the wonnlings but the response to amoeb 
challenge was almost tho same as in Experiment 1. Experiment 3 
confirms the high degree o f  caecal u lc e ra t io n  in those rats on D 
B that became in fected ; i t  a lso  s tron g ly  suggests that carbohydr 
supplementation o f  a low protein  d ie t (D ie t  C) further increases 
su scep tib ility  to In fec tion  but that a sm a lle r proportion o f  tho 
In fected  develop caecal u lceration . Thus the greater carbohydra 
Intake may in fnct bo protecting the host from ulceration, when
does become in fected.


Animals were studied at two dosage leve ls  o f amoebic Inoculum 
(Experiments 1 and 2 ), in  both there were 3 groups:
Group A (c o n tro l).  Inoculation o f  E, h is to ly tic a  trophozoites into 
the caeca1 vein.
Group B. In jection  o f glass p a rt ic le s  in to  the mesenteric vein shortly 
a fte r  inoculation o f amoebae in to  the caecal vein.
Group C. I.lgatlon o f  one hepatic branch o f  the portal vein immediately 
a fte r  Inoculation o f umoebuo in to  the caecal vein.
15.2. Results
Experiment_1. In a l l  3 groups o f  animals approximately 100,000
amoebae wero inoculated.
Group A. in 5 animals lntracnecal inoculation o f  100,000 amoebae 
produced no macroscopic changes in  the l iv e r  8 or 14 days a fte r  inoculation. 
Microscopic and cultural examinations d id not reveal the presence o f 
E .h is to ly tic a .
Group B. In 10 animals the in je c t io n  o f  10 mg o f  gluss particles 
a fte r  inoculation o f  100,000 E .h is to ly tic a  trophozoites did not load to 
the development o f amoebic lesions in  the l iv e r . Minute grey areas 
throughout the l iv e r  substance were due to small in fa rctions  produced 
by the glass p artic les: these wore s im ila r  in appearance to those seen 
in the 2 control animals in jected  with g lass  particles only (P la te  25). 
Microscopic and cultural examinations showed no evidence o f  the presence 
o f  E .h is to ly tic a . Four animals d ied  w ith in  the f ir s t  24 hours us a 
result o f  haemorrhage from the s ite  o f  gluss in jection .
Oroup C. A ll 5 animals developed necrosis o f the llguted lobe, 
but no chnngos due to amoebae could be found. Microscopic and cultural

examinations o f  E. hi s to ly t ie s  were negative . Four animals died during 
the observation period , mostly on the fourth day, presumably because 
o f l iv e r  necrosis.
In order to  con firm  the v ia b i l i t y  and p oten tia l viru lence o f  the 
inoculated amoeba«, l i v e  Escherichia c o l l  were added to  some TTY 
amoebic cu ltures 12 hours before Inocu lation  in to  2 animals; 1 o f 
Group A and 1 o f  Group i). Doth animals developed big abscesses over 
a l l  l i v e r  lobes (grade  4) with numerous E .h ls to ly tic a  trophozoites 
present on microscopy and culture.
Expertment 2. In  a l l  3 groups o f  animals approximately 200,000 
amoebae were lnocu lu ted .
Group A. In 11 o f  13 animals, in je c tio n  o f  200.000 amoebae produced 
no changes in the l i v e r .  Microscopic and cu ltu ra l examinations wore 
negative. Two animals developed small but v is ib le  lesions o f  Grade 1 
and gave a p o s it iv e  cu ltu re ; lioth wore negative on d irec t microscopy.
Group B. In 12 o f  15 animals, in which g lass  p artic les  were in jec ted  
a fte r  inocu lation o f  200,000 amoebae, amoebic l iv e r  abscesses were 
observed (Grade I In  8, Grade 3 in 2 and Grade 2 in  2 ).  The microscopic 
or cu ltu ral exam inations wore p os it iv e  fo r  F.. h is to ly ttea  in  11 o f  those 
animals. Three o f  the I animals that were negative by m icroscopic 
examination had d ied  w ith in  24 hours o f  operation and i t  could be that 
the operations were themselves partly  responsib le for these early
M acroscoplcally the abscesses wore widely disseminated throughout 
the l iv e r  (P la te  2 6 ). Most o f  the lesions were small ( 1 - 3  mm in 
diameter) but some reuchod 1.5 cm in s iz e .  The ir content was f in e ly  
granular; no l iq u i f l c a t  ion was noted.
M icroscopica lly the abscesses were ir re gu la r  in shape and ch iefly  
p er ip o rta l (P la te  27). There was a n ec ro tic  centre surrounded by a 
zone in  which early  tissue damage and a few amuebae were associated 
with a low grado o f  Inflammatory response composed o f lymphocytes, 
granulocytes and macrophages. The outermost zono consisted o f  normal 
tissue and here numerous amoebae were found. There was no evidence 
o f  f ib r o t ic  reaction.
Group C. In 10 animals the lobar brunch o f  the portal vein 
lead ing to  the right medial l iv e r  lobe was liga ted  immediately a fte r 
the in je c tio n  o f 200,(XX) trophozo ites. Seven animals developed 1 
large abscess (Grade 4 ), Involv ing the whole liga ted  lobe, but 
never spreading to other parts o f  the l i v e r  (P la te  2H), In a l l  
7, the microscopic or cu ltu ral oxomtnot 1 one were pos itive  fo r  
E .h is to ly t ic a.
The microscopic pathology showed in some cases 1 iq u ific a t io n  in 
the cen tre o f  the necrotic  lesions. The demarcation from hen 1 thy tissue 
was c le a r ly  defined and there was no evidence o f  scar-tissue formation.
15.3. Discussion
The resu lts  in Experiment 1 show that in  hamsters with or without 
l iv e r  in jury the in truportal in fe c tion  o f  100,000 E .h is to ly t1ca 
trophozo ites did not resu lt ti abscess formation. Autopsies 8 - 1 4  days 
a fte r  inoculation did not reveal uny macroscopic changes due to amoebae 
und microscopical and culture examinations were negative. Association 
o f the same number o f amoebae with Escherichia col 1 for 12 hours before 
inocu lation  into 2 animals resu lted  in b ig abscesses (Grade I) confirming
lloput l c lesions in n aw iers . i .
Nmoeblc abscess lnvolvlnK the whole o f the right medi.il 
lobe. The portal vein  branch to th is  lobo had been liga ted  
i mined la te ly  a fte r  the lntra|>ortal ln joctlon  o f  200,000 
K .h is to ly tic a ; the other lobes show no amoebic lesions.
(x  3)
that the amoebic Inoculum was In fective  and that the virulence o f  the 
amoebae could be enhanced by a microbial associate.
In Experiment 2 c a r r ie d  out under the same conditions 200,000 
amoebae were Inoculated. In  animals without l iv e r  damage no abscess 
could be observed and a l l  d ire c t  microscopic examinations fo r  
B .h isto ly tica  wero n eg a tiv e ; however, very small lesions were seen 
in  2 animals and these were pos itive  fo r E .h is to ly t ica on culture.
In both groups wltii damaged liv e rs , produced e ith er  by glass in jec tion  
or liga tion , big l iv e r  abscesses, pos itive  fo r  E .h is to ly tica  on 
microscopy or culture, developed in most animals. The abscesses started 
to  appear from the second day a fte r  inoculation and became qu ick ly so 
severe that several animals died before the end o f  the observation p jnod .
An important observa tion  was that in animals with glass in jec tion , 
the abscesses wero dlssem inuted a l l  over the l iv e r  without any preference 
to ono lobe. Their d is t r ib u t io n  presumably wus s im ilar to the m ultiple 
idnute necrotic foc i seen in  control animals in  which only glass was 
in jected.
Several o f the animals in the group with liga tio n  developed one big 
abscess in the liga ted  lo b « .  Spread to ad join ing lobes o f the l iv e r  
was never observed. M icroscop ic and cu ltu ral examination from tissue 
from the a ffected  lobe gave p os itive  rosults but control smears from 
non>affected tissue showed no evidence o f  E. h is to ly tle a  (2 animals wore 
studied). This observa tion , us in the case o f  glass in jection , indicates 
that healthy l iv e r  tissu e  d id  not normally provide a favourable medium 
for  the survival and p ro l i fe r a t io n  o f in jected  amoobae.
I«.. im ' i r 1' i "i \m ..... m on  i in: i.i \ i i  ni'MiM "i w iorm r ' ' 11 \u m i .:.
IN HAMSTERS
16.1. Method
Adult male hamstors weighing HI to  157 g wore g iven  4 - 7  daily 
In traperitonea l in jec tio n s  o f  lO or 15% ethanol in  normal saline. 
C on tro l anleals received  normal sa lin e . The animals wore then in fected 
In trap or ta l ly with 200,000 or 300,000 stra in  I.IGOINS amoebae Trom 
48-hour TTY cultures using the methods described in Part 15. Animals 
were studied in 5 batches: numbers 1-6, 7-12, 13—1H, 19—24 and 25-30.
Animals 1-6 wore In fected  24 hours a fte r  the last ethanol in jection , 
the others 4 or 6 hours ufterwards. Surviving animals were k illed  
w ith  other 9 or lO days later.
16.2. Results
(See Table 26).
16.3. Discussion
The tabulation o f resu lts shows that the alcohol medication had 
no appreciable e ffe c t  upon s u scep t ib ility  to  l iv e r  abscess, since o f 
the surviving animals, 5/14 given ethanol developed abscess comparod 
w ith 5/13 controls. 3/15 o f  the animals rece iv ing  200,(XX) amoebae 
(nos. 1 to 18) developed abscesses, comparod with 7/12 o f  those 
re ce iv in g  300,(XX) amoebae (nos. 19 to 30).
At the dosage g iven , ethanol had a narcotic e f f e c t  upon the 
hamsters, which s lep t peacefu lly fo r  2 - 4  hours a f t e r  each medication. 
At the time o f In fec tio n  i t  was noted that the l iv e r s  o f  several o f 
the treuted animals were somewhat enlarged and mottled In appearance;
Animal Ethanol doses Autopsy Hepatic
No. per lOO g body art in d ys abscesses Microscopy Culture
1 None
2 None
3 None
4 2 ml 10% x 5
5 2 ml 10% x 5
6 2 ml 10% x 5
8 None
9 None
10 3 ml 10% x 5
11 3 ml 10% x 5
12 3 ml 10% x 5
13 None
14 None
15 None
16 2 ml 15% x 4
17 2 ml 15% x 4
18 2 ml 15% x 4
19 None
20 None
21 None
22 2 ml 15% x 6
23 2 ml 15% x 6
24 2 ml 15% x 6
2 5 None
26 None
27 None
28 2 ml 15% x 7
29 2 ml 15% x 7
30 2 ml 15% x 7
O.S 0
0 .  5 O
1. D O
0 .  5 0
1. D O
O.S O
O.S O
O.S 1 large
O.S O
8.D 4 large
O.S O
0 .  5 O
1. D O
O.S 1 large
O.S O
O.S O
O.S O
O.S O
9.5 O
9.5 3 large
8.D Multiple small
in 4 lobes 
5.D Largo in 4
9.5 O
9.5 O
9.5 O
9.5 O
9.5 Large in 2
lobes
9.5 5 mm diam. in
2 lobes
9.5 3 mm diam. in
1 lobe
9.5 l.arge in 2
Table 26. Amoebic l iv e r  ubscess in ethanol treated 
hamsters.
The outcome o f  ln traportu l umoebic 
in fec tion  in contro l and ethanol-treated  
hamsters. S = s a c r ifie d : D = died 
n.d. - not done.

17. GENERAL DISCUSSION OF ANIMAI EXPERIMENTS
In both T .n ria  and S.■anioni infections of tho mouse, amoebic 
ulceration occurred In the Immediate vicinity o f the worm parasites. 
Possibly the worms Induce physiological changes within tho caecum 
that are favourable to amoebic proliferation. During feeding, tho 
head o f Trichuris must produce mucosal damage. Furthermore, a ce ll 
mediated Immune response occurs locally around the» worm heads (Wukelin, 
19 6 7 ) ;  although in these experiments this was partly suppressed by 
cortisone. Similarly in 8.manson 1 infection there is a vigorous cell 
mediated lomuine response as tho eggs pass across the mucosa to tho 
lumen o f the caecum. These localized areas of tissue damago may allow 
amoebae to invade; perhaps because of anaerobiosi s, a reduced redox 
potential or the provision of suitable food materials.
Host immunosupprossion is the alternative explanation in 
schistosomiasis, and may be the only explanation in unisexual infections. 
S. haematobium causes a depressed coll mediated res|x>nse in man (Wilkins 
and Brown, 1976). Several of the reported synergistic relationships 
reported in experimental S.mansoni infections probably operate in this 
wny. For example, Sal monel la and Listeria Infections (Collins et at ■ . 
1972), hepatitis MIIV3 infections (Warren et a l . . 1969) and a carcinogen
(Domingo et a l ., 1967) in mice.
The BH>chanisms by which diet affects the outcome of an amoebic 
challenge are uncertain but Experiment 4 (in  Part 14.2.) shows that 
diet alone cun afreet caecal histology and tho redox potential of the 
caocal contents. Lynch (1957) has previously shown how diet itse lf
may a ffe c t h isto logy. Road (1950) and l,ln (1971) have shown 
h is to lo g ica lly  that amoebae co lon ize  c h ie f ly  th*» peripheral portion o f 
the caecal contents. I t  le  In th is  region that the contents novo 
most slowly and where the pH is  near n eu tra lity  ly in g  between the 
a lkaline mucus secretion  and the acid bacteria-formented food residue 
o f the caecal contents; furthermore the redox poten tia l is  su itab le 
fo r amoebic growth, providing m icrouerophtlie conditions. In v itro  
E.h is to ly tic a  have been shown to grow best with bacteria at a redox 
potential between -200 and -300 mV (liarinaauta and Harlnasuta, 1955).
The observation in Experiment 3 (In  Part 11.2.) that redox poten tia ls  
were lower in those caeca that were ulcerated (caeca l score 2 or more), 
any merely indicate that u lceration  per se reduces th is poten tia l 
by pouring an exudate o f  necrotic  tissue and c e l ls  in to  the caecal 
lumen; however, i t  is  possible that rats having a lower caecal redox 
potential in i t ia l ly ,  develop u lceration  and th is further reduces 
the redox value. The optimum pll for In v it r o  growth has been 
mentioned already in Part 5.
Protein defic ien cy a ffec ts  gastro -in testin a  1 structure and function 
in several ways (Stewart, 1970). There is  a reduction o f  e p ith e lia l 
c e ll  p ro life ra tion  loading to shortening o f  v i l l i  and in the small 
bowol a lack o f  mucosal onzymos such as d isaccharldnses. In addition, 
the production o f pancreatic enzymes is  reduced. The net resu lt is  that 
an increased amount o f  undigested polysaccharide, together with unabsorbed 
dlsaccharide and monosaccharide reaches the large bowel; these may 
provide idea l nutrients fo r intralumena1 amoeban. loca l factors  in the 
caecal mirORa, such ns n reduced production o f  alknlino mucus may allow 
amoobae to come in to  c loser contact with the mucosa by s h ift in g  the
optimum pH towards th e  ep ith e lia l su rface; the reduction In the number 
o f  gob let c e l ls  In  th e  caeca o f  the malnourished ra ts , noted In Part 14.2., 
c e rta in ly  suRgests th a t mucus production may be impaired. In addition, 
i f  the m itotic  ra te  o f  the caecal e p ith e l ia l  c e l ls  i s  reduced then an 
impaired a b i l i ty  o f  th e  mucosa to  rep a ir  minor d e fec ts  In i t s  surface, 
might allow  tissue Invad ing amoebae to  estab lish  themselves.
The resu lts  ob ta in ed  with hamsters In Part 15 suggest very 
s trongly  that lo c a l is e d  l iv e r  damage favours the establishment o f  a 
progressive amoebic l i v e r  lesion. In trap orta l In je c t io n  Is  the most 
physio log ica l way o f  administering amoebae to the l i v e r  In experimental 
animals. D irect in ocu la tion  (Reinertson and Thompson, 1951) in ev itab ly  
causes some l iv e r  damage. In traperltonea l In je c t ion  (Jarum ilinta and 
Maegralth, 1962) o r  th e  insertion  o f  in fected  g e la t in  sponge between 
the hepatic lobes (Jarum ilin ta , 1966) obviates th is  d i f f ic u l t y ;  
however, when b a c te r l n-assoclated cu ltu res  are used, the bacteria 
themselves must cause some liv e r  damage.
In man, amoebic abscesses are normally s t e r i le .  B acteria -free  
lesions in animals have been produced by s e r ia l l i v e r  passages In it ia te d  
with human l iv e r  abscess  material (W iles  e t a l . . 1963), o r the 
in trahepatic  in je c t io n  o f  c r ith id ia -assoc ia ted  (Raethor, 1971) or axenic 
cu ltures (Tanimoto e t  a l . .  1971). Tho la t te r  authors noted a marked 
dose re la ted  e f f e c t ;  th is  was also observed in  the present work with 
bumster l iv e r  abscess In  Parts 15 and 16.
Muograith and llarinasuta (1954a) using guinea p igs have shown that 
m lcro -ln fu rcls , produced by embolism o f  an 1ntreport a 1 ly  in jected  amoebic 
suspension, may be th e  primary s i t e  o f  l iv e r  les ion s. It may he that the 
p red isposition  o f  s en s it is ed  guinea p igs to l iv e r  abscess formation, is  
due to  vascular le s io n s  o f  the Arthus type occurring In  the portal vein 
ra d ic les  within the l i v e r .
GENERAL SYNTHESIS AND REV IKW
18. HOST rACTORS AFFECTING TISSUE INVASION IN MAN
Unless Infection rates are known it is d iff icu lt  to assess iron 
c lin ica l data the effect o f age, sex and race upon susceptibility to 
Invasive amoebiasis. However, it  is clear that in many endemic areas, 
children under five are especially vulnerable, and that after the age 
of puberty males arc much more likely to develop liver abscess.
Local Bowel Disease
In Durban, Shigella were isolated more commonly among amoebic 
dysentery patients than from matched controls (Powell, S ,J ., personal 
communication). Many cases o f amoebiasis have been recognized during 
the recent S.dysenteriae pandemic in Central America. Amoebae may 
invade a damaged liowu I more readily.
Non-specific ulcerative co lit is  may be d iff icu lt  to distinguish 
from amoebic disease, and perhaps in some pationts the latter is 
super imposed upon latent c o lit is . Patlont LIGGINS (see Appendix 2), 
for example, c lin ically  relapsed twice after medical treatment and 
sigmotdoscoplc findings never returned to normal despite eventual 
parasitological cure.
Colonic carcinomas not uncommonly have a super i mixised invasive 
amoebic lesion (Alboros-Sauvedra et al . , 1968).
Following the demonstration of a synergistic relation between 
S. man-son i and E. hi s toly t tea infection in mice, a collection o f sera m. 
by Dr. Osier at Ge/.ira in Sudan, was tested for amoebic antiltody in 
collaboration with Dr. C. C, Dra|ier, using strain DKH as untigen and

Rectal administration of corticosteroids may greatly worsen amoebic 
dysentery (Mody, 1959).
Systemic Conditions
Lewis and A ntla  (1969) In a c lin ica l study at Ibadan, reported a 
strong association between amoebic disease and the second trimester of 
pregnancy and the puerperium. This relationship has also been noted 
In case reports by Do Silva (1970) and Rivera (1972), and by Abioye and 
Edington (1972) In a necropsy series o f 135 patients in Ibadan. The 
Nigerian studies a lso  suggoatod that Hodgkin's disease and other 
malignancies, tuberculosis, pneumonia and typhoid were sim ilarly related. 
Lewis and Antla (1969) mention 2 patients on cytotoxic therapy.
Systemic steroids may also precipitate amoebic disease but cases are 
perhaps not often reported. Eisent et a l . (1959) noted this In a 
patient with pemphigus and In two personally studied cases, steroids had 
been given for suspected ulcerative c o lit is  (Kananl and Knight, 1969a) 
and dermatitis herpetiformis (Kanani and Knight, 1969b).
Amoebic d isease is  well known among fighting troops, for example, 
Gurkhas In Durmu and Frenchmen in Indo-Chinu. Physical stress and 
exhaustion have been Incriminated.
A factor common to many of these conditions, in particular pregnancy 
and cytotoxic and steroid  therapy, Is  depression of ce ll mediated immunity. 
The important ro le  that this may play in the rejection o f amoebic
10. 2.
Diet
Elsdon-Dew (1949) considered that In Durban a low protein, high 
carbohydrate (corn  meal and soda) d iet favoured amoebic disease.
However, in C a l i ,  Columbia, Faust and Road (1959) believed  that the 
high undigested starch content o f  tho colon provided amoebae with 
nutrients and so mitigated against tissue invas'on . Alexander and 
Meleney (1935) compared the d ie t s  o f  two Tennessee communities, both 
with adequate prote in ; the one taking a highor ca lo r ie  and more varied 
d ie t showed less disease.
The experiments in Part 14 support the hypothesis that protein 
defic iency favours tissue invasion ; they also show how carbohydrate 
supplementation o f  a low prote in  d ie t favours higher In fection  rates 
but reduces cuecal u lceration .
P re-ex is tin g  Hepatic Damage
The experiments in Part 15 show how hepatic traumu favours amoebic 
abscess formation. In tr op ica l countries l iv e r  damage In man is  frequent 
and often recurrent; fo r example, v ira l h ep a t itis , d ietary mycotoxins 
and p yrro liz ld in o s , S.mansoni <>gg granulomas, and in children reactions 
around migrating Ascarls larvae.
Tho association  between 'tr o p ic a l l iv e r  abscess' and alcohol 
intake was recognized in Ind ia, «von before the ro le  o f  amoebae was 
appreciated. Ava ilab le  evidence Is  circumstantial but nevertheless 
convincing. Focal necrosis may bo necessary but th is is  known to occur 
in true a lc o h o lic  h ep a titis . R e la tiv e ly  mild damage, as was studied 
experimentally in  Part 16, may not lie s u ffic ien t .
19. THE RELATIVE ROt.ES OF HOST AND PARAS 1TE
The strongest evidence for differences in strain virulence comes 
from the comparison o f Isolates from invasive disease and from carriers.
Such comparisons may not, however, be entirely valid as they are comparisons 
between Isolates from 'magna' trophozoites and 'minuta' cysts. The 
decline of virulence in 'magna' iso lates maintained in vitro may bo duo 
to a reversion to the ' minuta' form in the absence o f environmental 
triggers, or alternatively a reduced enzyme activity in the absence of 
inducers. A less likely explanation would be a genetic d r i ft  under 
unphysiologicul cultural conditions.
Virulence is  made up o f at leust two components, 'magna' 
transformation and cytotoxicity; both are likely to be genetically  
determined but they need not necessarily be correlated. Strains may 
d iffe r  In their ab ility  to transform into 'magna' forms, or this may 
occur at d ifferent stimulus thresholds. This would explain the finding 
by some workers that long established bacterla-associated strains, and 
also some strains from healthy carrie rs , are d iff icu lt  to grow 
monoxenlcally with C rith id ia .
The present work has shown that a l l  the strains tosiod, apart from 
the atypical LAREDO and HUFF, were cytotoxic in v it ro . There wore 
reproducible strain differences but those were rarely more than threefold.
It  is  possible that a l l  strains of true E.histolyt1ca are cytotoxic, 
once they are in the ' magna' form.
The frequency of tissue invasion among symptomless persons is s t i l l  
disputed. The strongest evidencu comes from soro|x>sltivity rates in
1
high and low endemicity, ra te s  o f seroposl 11 v l ty are higher among 
ca rr ie rs  than uninfected persons, the d iffe r en c e  varying with the 
s e n s i t iv i t y  o f  the technique.
Furthermore, the observations that son» ca rr ie rs  have abnormal 
a lgm oldoscopic appearances (Morton e t a_l. , 1951) or demonstrable 
lesions a t necropsy a fte r  accidental death (Faust, 1941) cannot be ignored 
There I s  a ls o  the te le o lo g ic a l argument that I f  tissue invasion is  an 
acc iden ta l phenomenon o f  no b io lo g ica l advantage to the species , then 
why is  i t  so frequent with E . h ls to ly tlc a  but absent In other species 
lik e  l.h a rta an n l .
Thero i s  no good ep idem io log ica l evidence o f s ign ific a n t strain  
d if fe r e n c e s .  Boyd (1961) his analysed in  d e t a i l  some epidemics o f 
amoublasis. fo r  example, Chicago 1933 and 1934 and South Bond, Indiana, 
1953; he argues persuasively that enteropathogenic bacteria may have 
unmasked la ten t aaoeblc in fe c t io n .  In N ig e r ia , Nnochirl (1965) has 
Ind ica ted  how severe in va s iv e  amoebiasls in children  is  usually derived 
from symptomless maternal In fec tion s , The apparent ra r ity  o f  invasive
coun tries from the trop ics , can bo in terp reted  in  several ways. F irs tly , 
the a tta ck  ra te  per new in fe c t io n  muy in fa c t be no lower than that o f 
h ighly endemic areas, Kossel e t  al . (1965) compared two groups o f 
symptom le s s  carriers in C a lifo rn ia  and showed that 82% o f  patients in 
a mental in stitu tion  had |>oaltlve ind irect haemagglutlnation t it r e s  
compared to  13% o f u n iv ers ity  students, suggesting that tissue invasion 
was more l ik e ly  in communities where re in fe c t io n  was common. A lterna tlvel 
various host su scep tib ility  factors may dim inish outside the trop ics.
Lastly, disease may occur mainly In now Infections and most lnfoctod 
migrants may have passed this stage when they arrive.
Host susceptibility  factors in man (Part 18) and experimental 
animals (Part 11) have already been discussed. They are not dissimilar 
to those relating to other pathogenic lumen dwelling protozoa (Part 3).
The apparently sporadic occurrence of disease umong seeming'y homogenous 
human and animal populations cannot easily be attributed to host 
differences, especially  when it  is  suspected that a different reault 
would bo obtained i f  the observations were repeated. In the experimental 
caecal Infections (Psrts 12, 13 and 14) it  was noted that caecal scores 
followed a blmodal distribution suggesting that tissue invasion was an 
a l l  or none phenomenon. A stochastic process may be the most valid 
way of Interpreting such findings. In man. the probability of amoebic 
disease in infected persons is likely to d iffe r  in groupings based upon 
ago, nutritional status and intercurront disease; but within each group 
it  may not bo necessury to invoke hypothetical host differences.
It is , however, |K>ssible that fluctuations in immune status might 
explain some short-torn differences in susceptibility within u particular 
host. It is  now recognized thut parameters of ce ll mediated immunity 
such as lymphocyte transformation to phytoliuumugglutinin may bo influenced 
by drugs, minor intercurront illn ess, stress and trauma (Opelz ot a I.,  
1973; Espanol et i l . ,  1974). I f  mild amoebic tissue invasion really is 
a frequent phenomenon, then the proximate determinant of disease 
progression may bo local ce llu lar immunity.
I M OK KIM 1)1 ........ ' i l l 'l l  DAI 1 IN 1111 S'il ID Ol l>A ll|( K,l M .1
In population studios portions can bo c lu s s lf lo d  according to 
throe parameters: luminal in fe c tion  ( I )  as evidenced by cysts or 
non-haematophagous trophozoites in the s to o l, sero p o s it lv ity  (S ) at 
a s ign ifican t t i t r e ,  and morbidity (M) denoted by c lin ic a l parameters 
o r haematophagous trophozoites in  the s too l. W ithin a population the 
frequency o f  theso parameters and th e ir degrees o f  overlap can be 
represented by a Venn diugram with a to ta l o f  8 categories (F igure 13).
Each o f  the c ir c le s  for I ,  S and M is  made up o f  I component 
categories. For example, the c ir c le  t>r morbidity (M) comprises in fected  
séronégatives, in fected  so rop o s it ivos, non-ln fected séropositives  (having 
lo st luminal in fec tion  but not s e ro p o s it lv ity ),  and fin a lly  uninfected 
séronégatives. The last two categories w ill  bo small but might include 
cases o f  |K)st-dysenterlc c o l i t i s  or ir r i t a b le  Ihiwo I syndrome, s tr ic tu res  
and fls tu la e , and con s tric tive  |M>ricardi t i  s . D iffe ren t iiopii I ati ons 
should be studied und the r e la t iv e  s ize  o f  the categories compared.
In practice morbidity ra tes aro often  too low and morbidity 
ascortulnmont too in sen sit ive  fo r p o llu t io n  stud ies; furthermore, 
d iagnosis founded upon sero| ios itiv lty  w ill  in ev ita b ly  be biased. As, 
however, i t  is  believed  that s e ro p o s it lv ity  on ly occurs with tissuo 
invasion, we may use sorop os it iv lty  as an in d ica to r o f current o r recent 
tissue invasion. In practice most op idemio lo g ica  1 studies w il l  conaldor 
only faocal microscopy fo r  cysts and s e ro log ica l status. An lmimrtunt 
variab le  in s too l microscopy is  the d iagnostic s en s it iv ity  (p ),  which 
muy be doflnod as the probability  that an In for led imrson w ill  bo 
detected at one examination. Methods for estim ating p have been
Figure» 13. Venn diagram showing host-parasl to relationship of 
amonblasls within a human population.
Bach of the 3 parameters. Infection ( I ) ,  seroposltlvlty (3) 
and morbidity (M) is  represented by a c ircle lying within 
the study population (outermost c irc le ) .  The pO|Xilation is 
thus classified  Into 8 categories.
1discussed in  d e ta i l  e ls e « «here (Knight, 1975); the formol-ethor
sedimentation and zinc  si 
values between 0.6 and O.
ilphate f lo ta t ion  methods normally give
I f  I and S are knowri fo r  several communities then the ra tio s
S/I may bo comparod. I t is  s t i l l  uncertain whether or not tho notorious
m orbidity centres, such cis Mexico C ity , Freetown, Durban and Rangoon
havo p a rt icu la r ly  high rii t io s .  A high ra tio  might ind icate e ith er  a
high v iru lence  o f  lo ca l iunoeblc stra ins o r a susceptible host
population. When a re la ttionship with another d isease, such as
s h ig e llo s is  o r typhoid, 1Is being looked for , the S/I ra tio s  o f those
with and without the second pathology way bo compared. When there
no » „ p r io r i  reason to  suiipect double In fec tion  from common exposure,
then a prelim inary study can compare a e rop os itlv tty  in  persons with
and without tho second c<andltion. Tho uso o f  th is  method is  illu s tra ted
in Table 27, in r e la t io n to  S.mansoni in man.
lon g itu d in a l studio:s o f  those two purumetors can also  g iv e  useful
in te rp reta t ion s . We cun represent the dynamic re la tion  between tho
catego ries  o f  non-infeet<ad seronegative X , in fected  seronegative XJf
In fected  s erop os it ive  X2 and non-infected seroposlt1ve Xg, by the vectoi 
diagram shown in Figure 14.
The s ize  o f  each square represents the number o f  persons in each
category, as a proportioia o f  tho to ta l population. Seven rate constants
connect tho ca te go r ie s ; ■such is  defined ns tho p robab ility  that a person
in the donor category wl 11 move to the adjacent category in unit time.
Only one ra te  constunt c<linnet-1 s Xg and X  ^ becuuse seropos < t i vi ty can
only occur during an in f«action . In many populntions the s izes  o f  tho
four ca tego ries  remain imore or less constant with time so that tliere is
Fiicur« 14. Tlio dynamics of amoublo Infection and seroposi 1 1 vi ty .
UsI iik these 2 parameter* llie population comprises 4 
categories: X , X2> X3 and X^. The 7 rate constants 
connecting the categories aro labelled.

1933 Chicago outbreak and gives a median of 21 days with 16% of the 
Illnesses occurring after the 44th day; the infective doso possibly 
affects the median value and may have been high in this epidemic.
The alternative, less likely hypothesis Is that following a short 
latent interval, tissue Invasion and illness have the sums probability 
o f occurrence throughout the duration of the Infection.
Rate constants of gain or loss o f infection, or serologic status 
should preferably bo estimated from cumulative data in frequently sampled 
cohorts.
For example, i f  the incidence rate (A) is  defined as the 
probability that one susceptible ( i . e ,  non»intect»d person in a 
population where the prevalence of Infection is  P) will become infected 
in unit time. Now in a cumulative study, loss o f infection can be 
Ignored so that;
Change in provalonco ■ A (1 -  P)
and -lo g  (1 -  P) * At
When P is  plotted on reverse log, scale against time, the gradient 
is  A. l,og. 2 cycle by arithmetic paper is  used and the method is similar 
to that of Draper et a l . (1972) for the analysis of serological data 
in malaria. No correction w ill usually bo necessary for infections lost 
provided tho time lntorval botwoon examinations is  short. The rate of 
loss of infection ( II) usually has a value of about 0.2 per year so that i f  
examinations are ro|»uled at lll-wook intervals, the number of infections
at the midpoint, i .e . 5 weeks; hence infections lost «  0.2 * ^5r 2%,
a neg lig ib le  amount. Values of P must, however, bo corrected for
diagnostic sensitivity p.
An alternative method o f estimating A iind also B (the rate of loss
of In fection ) Is by the analysis of the plotted curves of e ither simple 
age prevalence data, or those o f long!tudinal prevalence rates among
persons known In it ia lly  to lie infected or nc>n-infoeted. The method
1 of amoebic infection with
two Important assumptions:
(1 ) That the ratos o f gain und loss of Infection can both lie 
represented by simple rate constants, A and B, which apply to both 
sexes and to a l l  ages.
(2 ) Superinfection may occur but this does not affect the
duration o f  in fe c tio n , see Part 8.3.
Now incidence o f  in fec tion -  A (1 -  P)
and lo ss  o f  In fec tion - BP
hence change in prevalence with time. ■ A (1 “  P ) “  BP
which on In tegra tion  g ives P ,  *  ♦ c e _(A  4 B )t A ♦ B °*  -
I f  P -  O when t «  O, i . e .  at b irth  or at th<» beginning o f  exposuro,
then the expression becomes:
’ - x f i “ - * * , * > ...................
S im ila r ly , i f  we are In terested  in the loss o f  in fec tion s  by parsons
known to bo in fected  wo may substitute P 1 when t •  O in the expression
g iv in g :
A B - (A  ♦ B )t
p " a * b 4 a * b -
(

by de termini s t ic  epidem iologica l model.
The values \ (annual incid ence ) • 0.06 and B (annual 
loss ) 0.14 have boon substituted . Curve 1 shows rate 
o f  increase in prevalence among persons in i t ia l l y  non-infected 
(expression 1 ). Curve 2 shows rate o f fa l l  in prevalence 
among |*>rsons known to bo in fected  at zero time, who continue 
to  bo re-exposed (express ion  2 ).  Curve 3 shows rate Of loss 
o f  in fection  in the absence o f  re-exposure (expression 3).
I t  w ill lie seen that curves 1 and 2 approach the equilibrium 
value o f P (lim it in g  prevalence) 0.3.
plotted to give tho true value of  (A ♦ B) und this multiplied by the 
corrected value of PL w ill give A; B la then obtained by subtraction.
This method is» equivalent to taking aa 1 and expressing P as a 
proportion o f this. When it  is d iff icu lt  to assign a value o f P( 
to the data, because of unstable values near tho limit, then tho 
analytical methods of Muench should be used.
Application of this expression to published data (Knight. 1975), 
gives values of A between 0.06 and 0.14 pnr year; and values o f B
between 0.11 and 0.22 per year; tho la tter imply median durations of
log .5
infection (---- ------) between 6.3 and 3.2 years, und menn values
(-------- *-—— ) of 8.6 and 4.0 years.-lo g  ( l-B )
It w ill be of great Interest to compare these constants in 
d ifferent communities and to relate them to the prevalence of 
soropositivity and the incidence of invasive amoebic diseaso. If 
most tissue invasion occurs soon after Infection then the prevalence 
o f soropositivity should bo proportional to incidence of infection (A) 
rather than prevalence P. Similarly, i f  soropositivity encourages 
loss o f infection then B w ill vary directly  with soropositivlty in 
different populations.
When seropositivity is plotted against age, it  is possible to 
estimate the rates of guin and loss, using the same mathematical 
expressions as those us<-d for infection. Hence the ratio or sero­
conversion rate (— to ♦) to incidence o f infection (A) can be 
compured in different communities. I f  tho rate of loss ol seropositivity 
is  known then the median and mean duration of positivity can readily be
ruleu luted.
The simple deterministic model, derived here, can also be used
to predict the outcome of control measures. Thus, i f  the rate
constants for infection are known, one may calculate the effect of
a reduced transmission rate or mass chemotherapy. The transmission
constant k may be defined as the probability that one Infective w ill
infect one susceptible in unit time; uniform mixing of infectivos and
susceptibles is assumed. Incidence of Infection (A) w ill now equal kP,
so i f  this is substituted in the general expression ^  ■ A(1 -  P) -  BP,dt
dP 2—  = kP(1 -  P) -  BP = (k -  B) P -  kP
which on Integration gives
where Po is prevalence at aero time and p is  the value after time 
At equilibrium.
Now B, the rate of spontaneous loss o f infection, probably has a 
similar value in most populations and cannot be altered except possibly 
by immunization i f  it  is  true that b^ >  bj (Figure 14). The transmissi 
constant k can be reduced by the provision o f clean water supplies, 
latrines, fly  control, and education in personal hygiene. Kxpresslons 
(5 ) and (6) show that i f  B >  k, then P wi11 tend to zero; hence k - B 
in the break point for transmission and sanitary measures need only 
rnduco k to this value. For example, i f  in a hypothetical ixipulation
P
P ■ 0,5 and B = 0.2, then k -  0 .4 . I f  this value o f k la  halved, 
then aaoebic Infection w ill eventually disappear. A reduction of 25%, 
i .e .  k > 0.3, w ill give a fin al prevalence o f P - 0.33, which is a 34% 
f a l l .  However, this valuó w ill be reached slowly, fo r , from expression 
(5 ), the prevalence rates a fter 1, 5 and lO years w i l l  be 0.48, 0.42 
and 0.38. In rea lity , k w ill vary between iiersons and w ill bo highor 
in seme parts of the community and in certain fam ilies; however, provided 
the mean value is less than II, no general transmission w ill occur. This 
is  the situation in Britain now, so that despite the entry of now 
infectivos from overseas, no significant transmission occurs. An 
exception is where an infective enters a local s ituation  where k is 
potentially high, as in an institution for the mentally subnormal, und 
produces an epidemic.
Successful mass chemotherapy w ill reduce P to PQ from which 
prevalence w ill steadily rise  and finally  reach it s  former level, provided 
k remains unchanged. Referring again to our hy|>othoti ca 1 example, i f  P 
is  reduced from 0.5 to 0.25, then from expression (5 ) ,  i t  w ill 
reach 0.27 after one year, 0.37 after five years, and 0.44 after lO years. 
Compared to sanitary measures, chemotherapy would appear to have good 
long-torm offocts; because incidence ratos are usually  low, retroatwont 
programmes need not bo frequent. To break transmission, however, k must 
be reduced. I f  chemotherapy is  to be selective, then persons with the 
highest value of k should be treated und these would include food handlers 
and mothers with young children.
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carried  out a large  part o f the experimental work including 
the inocu lations, the ro is o la tio n  o f  stra ins and the measurement o f 
redox poten tia ls . Dr. Ross was responsible fo r the day to  day 
management o f  the rats and th e ir  d ie ta ry ; he a lso  made b ac te rio log ica l 
studies and measurements o f  caeca 1 pll but these findings are not 
reported h'-re.
Dr. Harold Gogler worked in  the Department o f  C lin ica l Tropical 
Medicine, London School o f  Hygiene and Tropical Medicine, for s ix  months 
during 1972/73. The work described here in  Part 15 on the 
e ffe c t  o f  hepatic in jury u|ion the development o f l iv e r  abscess in 
hamsters was dono jo in t ly  with him. The methods o f  producing l iv e r  
damage had boon developed by the author who was most fortunate to find 
a colleague wliose surgical s k i l ls  could be successfu lly applied to the 
d elic a te  mesenteric vasculature o f the hamster. Most o f  the surgical 
procedures and post mortem examinations were carried  out together.
The work done with Dr. Ross and Dr. (iogler was carried  out under 
the c lose  sti|>ervision o f  my supervisor, Professor A. W. Woodruff, and 
the experimental designs and in terp retations  were discussed care fu lly  
with him.
With the exception o f  the e lec tron  microscopy a l l  the co llabora tive  
work was carried  out in Profussor Woodruff's department, using 
departmental equipment and animal stocks. The amoebic methodology 
was a ll develO|ied by the author, who also isola ted  and maintained a l l  
the amoebic s tra ins  used.
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APPENDIXl
CULTURE METHODS FOR ENTAMOEBA HISTOLYTICA
A. Robinson'a Modium (Robinson, 1968).
Asoebau aro grown In a polybacteria 1, but predominantly 
Escherichia col i -assoc la to«l, diphasic medium.
Components
1. Saline agar slopes -  Agar powder 1.5% is  made up In 0.7% sodium
chlorid e , heated, d istribu ted  in 2.5 ml amounts in  Bijou b o ttles  
and sloped a fte r  autoclaving (15 lbs fo r  lO minutes).
2. Erythromycin solu tion  -  0.25 g o f  the base is  suspended in
I ml o f  70% ethanol. Two hours la te r  th is is  diluted in 
46 ml o f s t e r i le  water. The 0.5% solu tion  is  stored at i t .
3. Bactopoptone -  d isso lved  20% in water and autoclaved.
4. R ice starch (B r it ish  Drug Houses) -  used a sep tlca lly .
5. Phiha lute bu ifor -  20 1 g o f potassium phthalate is  dissolved
in 100 ml o f  40% sodium hydroxide and made up in  water to 2 l i t r e s .  
The pH is  adjusted to 6.3 and tlie solu tion is  d istribu ted in 
lO or 20 ml volumes and autoclaved.
6. Defined medium "R " for growing Escherichia c o l l  “  stock solu tion
contains 125 g sodium chloride, 50 g c i t r i c  a d d  monohydrute.
12.5 g potassium dihydrogen phosphate, 25 g ammonium sulphate,
1.25 g magnesium sulphate heptahydrnte and 1CX) ml lu e tic  ad d  
(B r it ish  Drug Houses, 90.08%) in 2.5 l i t r e s  o f water. For use, 
lOO ml with 7.5 ml 40% sodium hydroxide and 2.5 ml 0.04% bromthymol
blue solution Is  diluted in water to  1 l i t r e ,  aujusted to  |iH 7 
and autoclaved. Stock is  used over 4 weeks old to avo id  change 
o f  pH on autoclaving.
7, Ila.sa 1 medium "BR"-Escherlchla c o l l , strain  B, is  grown at 37 C
fo r  48 hours in  lOO ml o f  medium "R" in 200 ml f la t  b o t t le s .  
Store at room temperature.
8. Complete basal medium "URS" - An equal volume o f  horse serum
(heat inactivated , Wellcome No. 3) is  added to  "HR” and the 
mixture Incubated at 37^ fo r  a further 24 hours. S to re  room 
temperature.
Method
To in i t ia t e  a culture -  inoculation is  made in to  1.3 ml o f  "BR",
lO mg starch and 4 drops o f erythromycin. A fte r 21 hours the 
suiurnatant is  removed and replaced by 1.5 irl o f  phthalate and 
"HRS" (1 :1 ),  2 drops bactopeptone and 2 drops erythromycin.
To maintain culture -  subculture in to  3 ml phthalate and "BRS" (3:1 
4 :1 ) with 2 drops erythromycin, 2 drops bactoiieptone and lO mg 
o f  starch.
For preiiaration in  bulk the follow ing mixture may be used:
Phthalate U 'f fo r  70 ml 
"BRS" 23 ml 
Erythromycin solu tion  1.5 ml 
Bactoiieptone 1.5 ml 
Starch 360 mg
Subcultures are mndo from the d«|x>slt, every 3rd or 4th <'ay; but some 
amoebae usually remain viab le for up to 14 days.
Note :
The s tra in  B o f  Escherichia c o l l  was kindly donated by 
Dr. G. L. Robinson.
B. Modified Shaffer-Fryo Modium (MS-K) (Reeves e t  a l . ,  1957).
Amoebae are grown monoxenically with p e n ic il l in  inh ib ited  
Bacteroides symblosus In  a monophaslc liqu id  medium.
Components
1. Merceptosuccinlc acid  solu tion . 15 g o f  the acid is  d isso lved  
in 50 ml o f  water, and the pH adjusted to  7.0 with 0N sodium 
hydroxide. Water added to  100 ml. Stored frozen at -20% .
Basic medium 
D is t il le d  water
Morceptosuccinlc acid (see above) 
Trypticase (BBL)
Glucose
Dipotassium hydrogen phosphate, K l^lPO  ^
Sodium ch loride 
Yeast extract (BB1.)
D issolve so lid s  by b o ilin g , d is tr ib u te  ii 
125 x 16 mm, screw cap tubes. Autoclave 
lO minutes.
495
5 ml 
lO g
5 g
0.785 g 
1.25 g 
1.0 g
12 ml amounts in  
it 15 lbs for
3. Horse serum -  heat in activated  (Wellcome No. 5 ).
4. P en ic il l in  G solu tion  -  at 10,000 units per ml.
5. Bacteroldos cu ltu re -  the organism is  grown for 24 hours in
Method
Ju»t p rio r to  In ocu lation  the follow ing are added to each culture
tube:
0 ,5  ml horso sorum
0.5 ml p e n ic il l in  so lu tion
2 ml Bacteroides cu ltu re .
Subcultures are mudo o very 3rd or 4th duy. Medium is  decanted 
and replaced by a few ml. o f  ic e -c h illed  fresh medium, gen tle  shaking 
removes the amoebae from the g la ss . Cultures are sloped at 15°.
Mote:
A cu ltu re o f  Bacteroldos was kindly donated by Dr. K. Meorovitcli.
C. Tryptose Tryuticaae Yeast Medium (TTY) (Diamond, 1968a).
Amoebae are grown monoxenlcally 
monophus i <■ liqu id  medium.
with a C rlth ld ia  sp. in a
Components 
1. Basic medium--
Tryptose (D ifco ) 8 g
Trypticaso (Mill.) 8 K
Yeast extract (BBI.) 8 g
Glucose •* K
L-Cystelno isonochlorlde 0 .8  g
Ascorbic acid 
Sodium chloride
0.32 g
Dl potusslum hydrogen phosphate.
Potassium dihydrogen phosphate, KH PO 1.28 g
D is t i l le d  water up to 1 l i t r e
Tryptose is  d issolved in water by heating, and th e  other 
substances s e r ia lly  added. The pll is  adjusted t o  6.75 -  6.H 
w ith 1-Normal sodium hydroxide and autoclaved a t  15 lbs for
lO minutes. Store at 4%.
2. Defibrinated rabbits blood. Store at -20%.
3. \n tib io tic  mixture -  1 g streptomycin and 500 s «  o f  amplcillin
are d issolved in  lO ml d is t i l le d  water and s to r e d  at -20%.
Normally used at 0.5% to g ive  a fin a l con cen tra tion  o f 
streptomycin 500 meg ml and um plcillin  250 meg ml.
4. Horse serui.i -  heat inactivated (Wellcome No. 5 ) .
5. C r ith id ia  suspension -  the organism is  grown f o r  48 hours
in  lig h t ly  capped culture tubes h a l f - f i l l e d  w ith  TTY medium, 
with 2 additional drops o f  rabbit blood. Tubes are  incubated 
v e r t ic a lly  at 25%.
Method
The cumiioimntare mixed us fo llo w s:- 
Basic TTY medium 
Hors<> serum
Defibrlnated rabbit blood 
A n tib io tic  mixture
C rith id ia  suspension ( from uppermost 
part o f culture tube) 
and decanted into 125 x 16 inni screw—capped tubes, t o  w ith in  1 cm of 
the tu l »  shoulder. Cultures are sloped at 15 ' d u rin g  incubation.
Subcultures are made by c h ill in g  the tubes in  i c e  water, inverting 
severa l times and cen trifuging l ig h t ly .  The Inoculum is  taken from the 
dep os it. I f  excess c r ith ld ia l debris c o lle c ts  in  a cu ltu re  tubo, th is  is
»5  ml
5 ml
0 .2 5  ml 
O . 5 ml
0 .2 5  ml

m o m  oi moTOZ'iM s n u iv ;  i .'Mi in m is w<>nk
The tab le  g ives  the p a tien t 's  name or code number, the hospita l 
number (w ith  p re fix  T for H ospita l fo r  Tropical Diseases, London and 
G fo r  Seamans Hospital, Greenwich), the country in  which the in fection  
was probably acquired, the date o f  is o la tion  und la s tly  the mode o f 
is o la tio n  (HT denotes haemntophagous tropho/.oitos).
Entamoeba h is to ly tic a
i i ye i absi ess patients
DUES 1 G.014378 Asia 30. 6.70 Cysts Formed s too l
DUCKWORTH T .54733 India 17. 9.70 Cysts Formed stoo l
WITHERS T .54530 Far East 21. 9.70 Cysts Formed s too l
GR1MSIIAW T .54996 N igeria 28.lO .70 in'. Liquid s to o l
RUSSELL T .5602l Iraq 5. 2.71 Cysts Formed s too l
INGRAM pp Dr Ileal UCH Kenya 8. 2.72 Li v< r uspi rule
MOHAMMED G.071007 Asia 16. 8.73. L iver aspirate
(monhic dysentery patients
106 Indian Saskatchewan l!)6r Stool
ch ild  Cunadu
LIGGINS T .54247 Nepal 5. 8.7o irr. Rectal scrape
ARNEIJ. T .58020 A frica 24. i .7 i  irr. Rectal scrape
LL77 Adult Saskatchewan 3.71 stool
Canada
/OCKLING T .56709 Malaya 2. 6.71 HT. Bloody stool
ASANTE T .56884 Ghana 17. 1.72 IO'. Rectal scrape
PINTO T .55537 india 15. 2.72 IIT. Rectal sera i»
MOGRELIA T .59048 India 27. 4.72 IIT. Rectal scrape
COOPER T .61645 Middle East 15. 2.73. IIT. Liquid stool


FLUORESCENT AffT 1 BODY TEST FOR E. HISTOLYTICA
Amoebic antigen  was prepared from 24 or 48 hour TTY cultures.
Evans Blue was used as counter sta in .
Method
Decant cu ltu re medium and roplace with ch illed  phosphate buffered 
saline (PUS). Wash twice in PBS. Adjust voiu.-< o f suspension to suitable 
concentration (see  bolow). Place one drop o f  suspension in each well 
o f a te flon  coated s lid e  (12 wells per s lid e ).
Dry at 37 Sc fo r  1 hour.
Fix in  methanol fo r 5 minutes at room temperature.
Wash Tor 15 minutes in PBS using mage » t ic  s tir r e r .  Two changes.
Add one drop o f test serum (a t appropriate d ilu tion ) to each w e ll. 
Incubate in  humid chamber fo r 40 minutes.
Wash fo r  15 minutes in PBS.
To each w ell add one drop o f  f lu o i f - .e in  conjugate: 0.1 ml 
fluorescein tagged antiglobu lin  (W eiloo..« Reagents) ♦ 0.1 ml Evans Blue 
(1%) 4 0.8 ml PUS.
Incubate in :.umij chamber for 3< •■mutes.
Wash for 15 w.’.j m og in PBS.
Blot on f i l t e r  paper.
Add g lyc e r in e-sa lin e  (90% glycerin e  in an lin e ) and view.
N.B. For proper reading ut least 2n umoebno should lie present In each 
well at the end o f  the procedure.
Fluorescence was scored thus:

COUNTING METHOD FOR TROPHOZOITES
An improved b right lin e  Noubnuor haemocytometor chamber with a 
th ick  cover g la ss  was used. Amoebae were counted, at *  80 or x 320 
m agnification, in  the 4 large corner squares (1 inm x I mm) o f  the 
ruled areas above and below the c en tra l moat. Thus, at each f i l l in g  
o f  the chamber H squares were counted, each with a volume 0,1 mm* 
(s ince the chamber was 0.1 mm deep). The count per m i l l i l i t r e  o f 
suspension is  th ere fo re  the mean number counted per square m u ltip lied  
by lO4.
Using suspensions o f  amoebae from e ith er  TTY or Robinson's cultu 
i t  was demonstrated that the mean and variance o f  the counts per squa 
were nearly equal, indicating a random Poisson d is tr ib u tio n . The sta 
deviation  o f  the random error inherent in  th is counting system is  the 
the square root o f  the total number o f  organisms counted.
For example;
Number counted Confidence range
80% 90% 85%
50 *  9.1 • 18.1% ± 11.7 • 23.3% + 13.7 = 27.7%
lOO t  12.8 - 12.8% t  16.5 -  16.5% 1 19.b 19.6%
200 + 11.1 • 9.1% t  23.3 * 11.7% t  27.7 ■ 13.9%
400 *  25.6 = 6.4% ♦ 33.0 «  8.3% t  39.2 -  8.0%
Standard normal d ev ia te  x standard dev ia tion

TISSUE CULTURE MKT HOI IS
The polyploid  c e l l  l in e , rabbit kidney RK13, and also  the Hel,a 
c e l l  lino  were maintained In medium 199. The basic medium Is  made up
Deionised water 90 ml
Foetal bovine serum 5 ml
199 stock medium (x  lO concentrated) lO ml
Sodium bicarbonate 5.6% w/v 1.35 ml
Streptomycin, am pic illln  mixture
(see Appendix 1C) 1 ml
Vmphnterictn H (K,R. Squibb)
D iluted to 5 oik ml 0 .2  ml
Trypsin-verseno mixture -  2 ml volumes o f tryps in  wore added to 
18 ml o f  s t e r i le  0.02% versene in phosphate bu ffered  saline.
Cultures wore maintained in 50 ml. 100 ml o r 200 ml f la t  medicine 
b ottles  and subcultured every 7th day. To subculture, the medium is 
decanted and replaced by 20 ml Trypsin-verseno; a f te r  5 minutes Incubation 
the trypsin-versene is  renewed and further incubation is  continued un til 
c e l ls  Just begin to  peel o f f  the glass, usually about 5 minutes. The 
trypsln-vorsene is  replaced with lO ml o f  medium, and by firm tapping 
against the hand the monolayer is  removed.
Further medium is  added and the suspension gen tly  shaken. The finnI 
suspension is  thon dispensed ns required.
For ex|iorimontal work the suspension was dispensed, in 1.5 ml 
umounts, in to  5 ml Carrol flasks or 30 ml f la t  hot to  mod p lastic  bottles  
(S te ra lin ) with a basal cover glass; in the la t te r  case a further 9 ml o f 
199 medium was added.

DIETS USED IN PART 11 TO FEED HATH
Percentage composition o f  d ie ts  In grammes and th e ir protein 
value (NDpCal%);
Dripping (b ee f)
Maize starch 
Sal t mixture
Mixture o f  B vitamins 
Fat soluble vitamins
NDpCa1%
Presentation
4.5 
Powdo r
fish  meal
dried yeast
molasses
sa lt mixture
H-9
P e lle t
' Da lanced'
> Stewart and Sheppard, 1971.
